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Announcing 


Two Issues 
In One 


IN ORDER TO SERVE its readers and advertisers more 
advantageously, in conformity with the general economic 
and industrial trends, Power PLant ENGINEERING will 
consolidate its semi-monthly issues in ‘one issue on the 
first of the month beginning with September. 


Editorial strength and quality will be maintained by 
the same staff that has heretofore kept readers informed 
on design, construction, operation and modernization of 
power plants and power using equipment. Articles will 
be more condensed to save time and further the con- 
venience of readers but the field will be as comprehen- 
sively and satisfactorily covered as before. 


Exclusive articles on important engineering achieve- 
ments, special articles on plant operation and staff arti- 
eles on latest methods and trends will continue to be 
helpful features, essential to the up-to-date power ex- 


ecutive. 


Subscribers will receive the full number of issues 


paid for. Moreover, they can confidently rely on 
PowErR PLANT ENGINEERING’s editorial staff to con- 
tinue to make it the outstanding publication serving the 
field and the most useful companion obtainable to assist 
them in their management of the country’s important 


power and manufacturing plants. 
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Simpler Distribution of Goods 


ONE ITEM WHICH frequently adds to the cost of 
goods to the consumer so much as materially to reduce 
the possible market is too high cost for selling and dis- 
tribution. For many kinds of farm produce, for raw 
materials and for some manufactures, this item is much 
larger than the cost of production. Such a condition 
limits the ability and the inclination of possible con- 
sumers to buy as much as they would like and could 
well use. 

Excessive selling and distribution costs arise from 
lack of direct paths from producer to consumer and 
from competition gone wild. For most products there 
is a natural market that can be profitably supplied. If 
high-pressure selling is used to force sales beyond that 
point, the cost of selling and distribution is greatly 
increased. 

Central station supply of energy to its natural terri- 
tory is an excellent example of well planned selling and 
distribution, though, in some instances, high-pressure 
selling has been exerted to secure industrial plant busi- 
ness that should not have gone on the utility circuits. 
Distribution is, however, direct as possible from pro- 
ducer to consumer, sales are according to the consumer’s 
needs, duplication of selling effort and distributing sys- 
tems are avoided and the temptation to expensive com- 
petitive selling effort or to profitless price cutting is 
eliminated. 

That regulated monopolistic conditions would be 
effective in all lines of industry is by no means certain. 
It would surely be contrary to the theory of unlimited 
competition on which our anti-combination laws are 
based. But, some form of codperative action in industry, 
possibly through supervised trade associations, by which 
the economical supply of the needs of consumers under 
conditions which will yield fair return on capital and 
steadier employment to workers would seem possible, 
without destroying the incentive to individual initiative 
and enterprise. 

The important thing is to get the cost of goods down 
so that they can be sold at a price that will attract 
buyers yet yield a profit. Into the problem enter effect- 
ive use of power, of machinery, of labor, of capital, 
effective sales methods, economical distribution, satis- 
faction to buyers. 


Future Power 


NEED FOR ADEQUATE cooling of internal com- 
bustion engines has been recognized since the earliest 
days of their operation. Early Diesel design used effec- 
tive piston and valve cooling by water and oil and 
these applications are now finding their way into the 
gasoline engine field heralded as the next big advance 
necessary to use modern anti-knock fuels adequately and 
efficiently. 

Tests made by the Ethyl Gasoline Corp. are of value 
in showing the need for adequate cooling in order to 
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obtain full engine output and satisfactory efficiency. A 
single cylinder, high-compression, 314 by 5-in. experi- 
mental engine was used for the tests with the compres- 
sion ratio adjusted so that only part load could be 
carried without detonation. Later, the addition of a 
water-cooled valve permitted an increased output of 
8 per cent. Use of soapsuds as a crank case lubricant 
with a copious spray on the underside of the piston in- 
creased the output 25 per cent, while a combination of 
the two cooling methods increased the output one-third. 
Then tests were made with the same fuel and a 15 to 1 
air-fuel mixture. 

Increases in output are less pronounced with richer 
mixtures, indicating that the need for adequate cooling 
is greater in engines designed for economical operation. 
As always, increased efficiency is dependent upon in- 
creased complications which often nullify the advan- 
tages of higher efficiency. The world awaits something 
new in the field of power, something simple but efficient. 
Water, steam and Diesel equipment have been devel- 
oped to the point where further increases in efficiency 
are incremental. What is needed is a new system which 
will double or triple the efficiency of the steam and 
Diesel cycle. 


Power for Farm and Fireside 


IN THE GOOD old days before General DePression 
took command of the industrial army, when factories 
were busy, motor load was heavy and increasing and 
central stations could hardly be enlarged fast enough to 
keep up with demand, domestic consumers and rural 
customers were mostly considered ‘as fringe load with 
possibility of increase in due time but not of major 
consequence. 

Now, with 20,000,000 homes using electricity to al- 
most as great an extent as ever and the farm users in- 
creasing in 1931 until 700,000 farms were connected, 
with the number still increasing, these two classes of 
load are proving the backlog that preserves the central- 
station prosperity flame. Domestic consumption of cur- 
rent has increased because of larger use of ranges, re- 
frigerators and the like, while farms served increased 
in number 7.5 per cent during 1931. 

Fully electrified homes and farms will work changes 
in the house and on the farm similar to those which 
followed the introduction of steam power in factories 
except that, since power can easily be taken to the job, 
concentration of workers will be unnecessary. 

Since the farm and fireside have proved so depend- 
able and have such large possibilities for using more 
power, it would seem the part of wisdom to give them 
the attention due to a major factor in the prosperity 
of the central station industry. Promotional campaigns, 
development of equipment to the highest point of re- 
liability and economy, working out rate structures to 
encourage wider and larger use of current by domestic 
and rural customers would seem to be profitable lines 
of activity. 



































A Real High Pressure Argument 


Do you recall how, a few years ago, when you first 
saw the 4-inch thick forged steel drum of a 1200 lb. 
pressure boiler, you blinked, rubbed your eyes and 
looked at the thing again to make sure you weren’t 
dreaming? True, outwardly, you may have retained 
your composure by pulling off a wise crack about Big 
Bertha or something of that nature, but in your own 
mind you knew the designers were all cuckoo, that the 
thing would never work and that if that cylinder was 
part of a boiler you were an Eskimo. Well, when the 
boiler was placed in operation later on, you probably 
revised your opinions about its working but still you 
were skeptical as to the cost of operating such units. 
They seemed terribly expensive. Steel drums four inches 
thick you argued had their proper place in the shape 
of heavy artillery with ample Army and Navy appro- 
priations behind them, but to use such things around a 
boiler plant—well, that was absurd. 

Lately we have all changed our minds about many 
things and while we are about it we may as well change 
our opinions about these high pressure boilers if we 
haven’t already done this. Not only are they practical 
but they are reliable and inexpensive to operate. ‘‘ Prove 
it,’? you say? Well, all right. Take the case of Lake- 
side in Milwaukee, for instance, one of the pioneer sta- 
tions using high-pressure boilers. During 1931 the 
availability of the three 1290-lb. boilers was over 95 
per cent and the total cost of repairs and maintenance, 
including shop labor and material, was only 18 cents per 
boiler hour. Outages? Scarcely enough to mention— 
an average of one boiler every four months! 

Now that’s a pretty good record, don’t you think? 
It’s about as perfect as one can expect from even low 
pressure heating boilers. Details of the 1290-lb. boiler 
plant at Lakeside are given by Mr. Post in tabular form 
in his article on page 564. 


A Question of Degree 


Temperature readings are easy to obtain. . Ther- 
mometers are cheap and a few laid around the plant 
at strategic points will give you a whole flock of read- 
ings with which you can embellish even the most drab 
of log sheets. Indeed, quite often thermometers of any 
variety are superfluous so far as the log sheet is con- 
cerned, good guesses serving quite as well. 

If, however, you really want to use- temperature 
readings—if you need them in making calculations, 
neither guesses nor the common garden variety of tem- 
perature readings will do. For such purposes you need 
good thermometers and careful observations. 

Correct temperature observations take time, care and 
experience. Consider just one instance, that of con- 
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denser operation. Condenser performance is an ex- 
tremely important factor in plant economy and in order 
to know what your condenser is doing you have to know 
water temperatures to a tenth of a degree. Anybody 
that has ever tried to guess even a third of a degree 
in reading a thermometer will realize that this is no 
easy matter. Yet it is quite possible. At Long Beach 
Station in California they worked out an arrangement 
which does it to perfection and Mr. Woolley tells about 
it in this issue. It is reported that every morning when 
Mr. Woolley walks into the plant the condensers open 
their mouths, say ‘‘Ah-h-h-h’’, stick out their tongues 
and belch up a whole roll of temperature record sheets 
for inspection. 


We're Not Through Yet 


As we mentioned here some time ago, those who 
believed in 1920 that a 35,000-kw. generating unit was 
the largest that would be built have had occasion to 
alter their views in regard to station design many times. 
We have seen generating units grow to 165,000 and 
208,000 kw. capacity Boiler units in the same time have 
attained outputs as high as 1,250,000 lb. of steam per 
hr. and pressures as high as 1200, 1800, even 3200 lb. 
per sq. in. We have seen rotating electrical power 
equipment placed out of doors, running in atmospheres 
of hydrogen and we have seen boilers and turbines op- 
erated with mercury instead of water. In every branch 
of the entire field of power plant engineering, devel- 
opment has been intensive and revolutionary. There is 
scarcely any piece of equipment in use today which 
has not been improved during the past twelve years. 

In this issue Professor A. G. Christie of Johns- 
Hopkins University discusses modern central station 
performance. Those who have kept up with progress 
directly or through the medium of the technical pub- 
lications will find much in Professor Christie’s paper 
with which they are familiar, for his discussion is one 
which was submitted for presentation at the Inter- 
national Electrical Congress in Paris and its purpose 
is largely to present an account of American Power 
Plant development, but regardless of how well you 
know your power plant technique, you will find this 
article of value. If nothing more, it will serve to im- 
press you with the remarkable performance of present 
day power generating equipment. 

The record of accomplishment so far is a fine tribute 
to the skill and resourcefulness of the engineer, but the 
end is not yet. American central stations are still 
undergoing change. Higher operating pressures and 
temperatures are now recognized as practical and eco- 
nomically justified. The present effort aims towards 
the production of more kilowatt hours per dollar of 
total expense. 
















POWER PLANT July 15 
ENGINEERING 1932 





| ACED WITH THE NECESSITY of provid- 
\ | ing for 43,000 sq. ft. of additional radiation 








plant rather than revamp 
the old one to carry the ex- 
tra load. 

This building program, 
now completed, includes an 
engineering building, a com- 
merce building and two new 
dormitories, the first being 
made possible by a gift of 
John F. Cushing, 06, presi- 
dent of the Great - Lakes 
Dredge & Dock Co., Chicago, 
and the second by a gift of 
Edward N. Hurley, presi- 
dent of the Hurley Machine 
Co., Chicago, and head of 
the Shipping Board during 
the World War. 

Total radiation on the 
eampus is now 300,000 sq. 
ft. divided among the 47 
buildings necessary to take 
eare of the instruction, hous- 
_ing and feeding of the 3000 
students. This requires 15,- 
000 t. of coal a year, the 
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New Boiler Plant for 
NOTRE DAME UNIVERSITY 


included in a $2,100,000 building program, 
the University of Notre Dame, South Bend, 
Indiana, in 1931 decided to build a new boiler 


New $280,000 boiler plant with four 405 
hp. forced-draft, stoker-fired boilers sup- 


plies heat and hot water to the university 
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"Photo. Ray Littleton, So. Bend 





steam requirements during the month of December, 1931, 
totaling 30,000,000 lb. During April, 1932, the first 
month the new plant carried the load the steam con- 
sumption was 21,331,193 lb. requiring 1408 t. of coal. 

Some 30 yrs. service in a constantly growing univer- 


sity had, as early as 1930, 
pushed the old boiler plant 
to the limit of its capacity 
and near to the limit of its 
economic life. During the 
summer of 1930 a complete 
system of instruments and 
flow meters was installed 
and during the winter of 
1930-31 a close study of the 
requirements was made by 
Bro. Irenaeus, C.S.C., in 
charge of heating and elec- 
tricity at the university and 
by C. C. Wileox of the 
Studebaker Corp. 
New Puant A Practica 
LABORATORY 

As a result of this study 
and because of the future 
needs of the campus it was 
decided to build a new plant 
about 250 yd. to the north- 
east of the old plant where 
it would not be in the way 
of future development of the 
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campus. Furthermore, the new plant is near the lake 


with plenty of water, an adequate intake and sufficient 
building space to add a turbo generator and make the 
new plant a practical laboratory for the mechanical en- 
gineering students. The new plant, designed by Albert 
Kahn, Ine., is connected with the old by a tunnel. 

On the main floor are the four boilers with the forced 
draft fans immediately behind each boiler and the boiler 
feed pumps in the middle of the building between the 
No. 2 and No. 3 boilers as shown by the longitudinal 
section. Above the boiler feed pumps are located the 
feedwater heaters and condensate return tank. In the 
basement are the Zeolite softener, domestic hotwater 
heaters, service water and fire pumps, vacuum return 
pumps and transformers. 

Indiana coal, received by rail, is dumped either di- 
rectly to the track hopper from a trestle to be stored 
out by a Sauerman drag scraper ; or coal coming into the 
plant passes through a Stephens-Adamson crusher on to 
a pivoted bucket conveyor which runs the length of the 
basement and then up over the 800 t. coal bunker. Coal 
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FIG. 8. CROSS SECTION OF THE PLANT SHOWING THE 
ARRANGEMENT OF THE EQUIPMENT AND BOILER SET- 
TING 








is weighed at each boiler by a weigh larry. Ash is han- 
dled from the Allen-Sherman-Hoff hoppers to the same 
pivoted bucket conveyor by Koppel industrial cars and 
is stored in a special bunker at one end of the plant. 


Use Naturat Drart To 150 Per Cent or Ratna 


The 405-hp. 200 lb. type NA Union boilers, with 
water cooled front walls, have 1423 cu. ft. Detrick air 
cooled furnaces designed for a maximum heat release of 
31,300 B. t. u. per hr. per cu. ft. of furnace volume. 
Boilers are fired by 96 sq. ft. steam-engine-driven 
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Laclede five compartment foreed draft stokers with 
Hagan combustion control. One 150 ft. above the roof, 
8 ft. 3 in., I. D. Custodis stack serves all four boilers. 
At loads up to 150 per cent of rating the boilers will be 
operated on natural draft. 

Foreed draft is supplied by individual Sturtevant 
fans rated at 15,000 c.f.m. at 31% in. statie pressure. 
Each fan is dual driven by a 15-hp. induction motor and 





FIG. 2. THE FIRING AISLE. THE DRUM ABOVE THE 
STOKER HOPPER IS THE BOTTOM HEADER OF THE 
FRONT WATER WALL 


a 13-hp. turbine. These fans are located immediately 
back of their respective boilers as shown by Fig. 3. Each 
boiler has a Hays boiler panel with a Hays 8 pointer 
draft gage, Ranarex CO, meter and Brown flow meter. 

Return tank, feedwater heater and boiler feed pumps 
are located in the center section of the plant as shown 
in the drawing. The heater is a 100,000 lb. per hr. 
Cochrane metering deaerating type and is located di- 
rectly above the three boiler feed pumps. 


ALL WATER From LAKE 


These pumps consist of one American 12 by 7 by 12 
in. outside center packed horizontal duplex and two 
Dayton Dowd two stage centrifugals. One of the centri- 
fugals is driven by a Westinghouse 50 hp., 3600 r.p.m. 
motor, the other by a 45-hp. Moore 3600 r.p.m. turbine. 
Each of the three pumps is rated at 200 gal. against a 
pressure of 160 lb. Control of all the electric auxiliaries 
is from a centralized panel board near the center of the 
firing aisle. 
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GENERAL 


Enc. AND ArcH.—Albert Kahn, Inc. 
ContTRAcTOR—Thomas Hickey 
PiPING CONTRACTOR—Wm. Blaney 
BorLer Setrrncs—Lyons & Long 


BOILERS 


BoiLers—Union Iron Works, 4, type NA 405 hp., 135 Ib. 
operating pressure bent tube boilers, 16 tubes wide. 
Furnaces—M. H. Detrick Co. with air cooled walls and 
arch. Volume 1423 cu. ft. for heat release of 31,300 
B.t.u. epr hr. 

Stokers—Laclede Stoker Co. 4, chain grate forced draft 
stokers, 8 ft. wide, 96 sq. ft. of grate surface. 

Forcep Drart Fans—B. F. Sturtevant Co. 4, each with 
a capacity of 15,000 c.f.m. of 75 to 225 deg. F. air against 
a static pressure of 3% in. Each fan driven by a 15 hp., 
1750 r.p.m., 220 v. General Electric induction motor and 
a 13 hp. 5 Ib. back pressure Sturtevant turbine. 

Coat AND AsH HanpLInG EguipMENT—Stephens-Adamson 
Mfg. Co. 50 t. per hr. capacity. 

Drac ScraPer—Sauerman Bros., Inc. 

AsHu Cars—Koppel Ind. Car & Equip. Co. 

AsH Hoppers AND GATES—Allen Sherman-Hoff Co. 
BLow-orF Vatves—Yarnall Waring Co. 

BotLter PANELS—Hays Corp. 

BrEECHING—Graver Tank & Mfg. Co. 

CO2 RecorDERS—Periutit Co. 

CoMBUSTION ContTroL—Hagan Corp. 

Drarrt GAces—Hays Corp. 

Fan Beartncs—Fafnir Bearing Co. 

Freep WATER REGULATORS—Copes, Northern Equipment Co. 
SaFETY Vatves—Consolidated Ashcroft Hancock Co. 
Stoker DrivE—E. H. Wachs Co. 

a CLEANERS—Vulcan Soot Cleaner Co. 6 elements per 
oiler. 

Stack—Alphons Custodis Chimney Construction Co. 150 
ft. high, 8 ft. 3 in. inside diameter on top 

STEAM FLow MeEtEers—Brown Instrument Co. 

Water CoLtumMNns—Reliance Gauge Column Co. 


HEATERS AND SOFTENER 


WaTER SOFTENER—Permutit Co. double unit Zeolite soft- 
ener, maximum flow of 200 g.p.m., total capacity of 30,600 
gal. of 14 grain per gal. water in 5.14 hr. 

WatTeR Meters—Neptune Meter Co. 

Freep WATER HEATER—Cochrane Corp., 100,000 Ib. per hr., 
deaerating metering type. 

Water Heaters—Whitlock Coil Pipe Co., 2—2,000 gal. 
HEATER RELIEF VALvES—Crane Co. 

TEMPERATURE REGULATORS—Powers Regulator Co. 
THERMOMETERS—Taylor Instrument Cos. 


PUMPS 


BorLErR FEED PumMp—Dayton Dowd Co. 2 type CSDX 2 
in. centrifugal boiler feed pumps, each with a capacity 
cf 200 g.p.m. at 165 lb. discharge pressure One driven by 
a Westinghouse 50 hp., 3600 r.p.m., 200 v. induction mo- 
tor; the other by a Moore Steam Turbine Co., 45-hp., 
form UTR 3600 r.p.m. turbine exhausting at 5 Ib. back 
pressure. 
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Borer Freep Pump—American Steam Pump Co., 1, 12 by 
7 by 12 outside center packed horizontal duplex steam 
pump. 

Vacuum Pumps—American Steam Pump Co., 3, 10 by 14 
by 20, horizontal simplex steam pumps with capacity of 
100,000 sq. ft. of radiation each. 

SERVICE WATER Pumps—Allis Chalmers Mfg. Co. 2, 8 in. 
type S.I. centrifugal with a capacity of 1500 g.p.m. against 
a 282 ft. head. One pump driven with 135 hp. 2146 
r.p.m. turbine and the other with the same type of tur- 
bine and a 100-hp. 1750 r.p.m. 220 v. induction motor. 
Fre Pump—Worthington Pump & Machinery Corp., 16 
by 9 by 12 horizontal duplex steam fire pump, capacity 
750 g.p.m. 

Hor Water Pumps—Worthington Pump & Mach. Corp., 
1, 6 by 4 by 6 and 1, 7% by 534 by 6, horizontal direct 
acting steam pumps. 

Heater Drain Pump—American Steam Pump Co., 4 by 
5 by 8 horizontal duplex steam pump. 

ReEcEIverR Pump—American Steam Pump Co. 7 by 63% by 
8 horizontal duplex steam pump with receiver. : 
Sump Pumprs—Nash Engineering Co., 2, with a capacity 
of 12 g.p.m. at 30 ft. head, driven by 3-hp. General Elec- 
tric motors. 


TRANSFORMERS AND MISCELLANEOUS .. 


SwitcHEs—Westinghouse Elec. & Mfg. Co. 3, 75 kv-a. 
power transformers and 1, 37% kv-a. lighting transformer, 
both 4000/220 v. 
Deap Front PANEL BoAarp—Westinghouse Elec. & Mfg. 
Co. 
Arr Compressor—Gardner Denver Co. 4% by 4 in. with 
a maximum capacity 64 c.f.m. at 90 Ib. pressure, maximum 
speed of 725 r.p.m. Driven by a Wagner 10 hp. 220 
v. motor. 
Arr Firter—A. C. Spark Plug Co. 
LusricaTInc Or. TANKS—Tokheim Oil Tank & Pump Co. 
Bennett Pumps Co. 

ACETYLENE FOR WELDING—Linde Air Products Co. 
Motor Starters—Cutler Hammer 

Square D Co. 

Westinghouse Elec. & Mfg. Co. 
Lusricators—Hills McCanna Co. on boiler 

Manzel Bros. Co. 

PressurE GAcES—Consolidated Ashcroft Hancock Co. 

Federal Gauge Co. 

Jas. P. Marsh—Gauges, Valves 
Pump ANpD ENGINE GovERNOR—Fisher Governor Co. 

Northern Equipment Co. 
Waters Governor Co. 
Vatves—H. Belfield Co. 
Crane Co. 
Jenkins Bros. 
Pire Fitrrncs—Crane Co. ; 
STEAM TrAPS—Boylston Steam Specialty Co. 
Warren Webster & Co. 

Srop AND CHECK VaLves—Golden-Anderson Valve Spe- 
cialty Co. | : . 
ADJUSTABLE VALVE SpRocKETS—Babbit Steam Specialty 
Co. 
STEAM STRAINERS—Mason Regulator Co. 

Warren Webster & Co. 





12 x 12" TRACK 





FEEDER-30°WIDE BY 3i-O°CTRS 





OIL CIRCUIT BKR. 


FIG-S FIG.6 "%G.7 
FIG. 5. COAL HANDLING EQUIP- FIG. 6. ARRANGEMENT OF PIPES FIG. 7. TRANSFORMER WIRING 
MENT AND CRUSHER IN THE TUNNEL ARRANGEMENT 
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ZEOLITE SOFTENERS 
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VACUUM PUMPS SERVICE WATER PUMPS 
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LONGITUDINAL SECTION OF THE PLANT SHOWING THE AUXILIARIES LOCATED BETWEEN NOS. 2 AND 3 


BOILERS 


All water used by the plant and service water for 
the university is taken from the lake through a 24 in. 
intake. This water runs about 14 gr. to the gallon and 
the boiler feed is softened by a double Permutit Zeolite 
system rated at a total maximum flow of 200 g.p.m. 
Service water is pumped by two Allis Chalmers single 
stage centrifugals with a capacity of 1500 g.p.m. against 
a head of 282 ft. One of these is driven by a 135 hp. 
turbine, the other by the same type of turbine or by a 
100-hp. induction motor. A Worthington 750 g.p.m. fire 
pump discharges into the same line for fire protection 
service. 


CoNDENSATE RETURNS 


Hot water is heated in two 2000 gal. Whitlock heat- 
ers and circulated around the campus by a 6 by 4 by 6 
in. or by a 714 by 5% by 6 in. Worthington horizontal 
duplex steam pump. The heating coils are drained by 
an American 4 by 5 by 8 in. horizontal duplex discharg- 
ing to the condensate tank above the feedwater heater. 

High pressure drips are collected by an American 7 
by 634 by 8 in. receiver set and pumped to the same 
tank. Heating system returns are handled by three 10 
by 14 by 20 in. American simplex steam vacuum pumps. 

A new tunnel, shown in the drawing Fig. 6, connects 
the new plant with the old one and with the old low 
pressure distribution system. At present 135 lb. steam 
is supplied to the pressure reducing station at the old 
plant but space has been provided in the tunnel for a 
low pressure main direct from the new plant. 

All power is purchased and is brought into the plant 
at 4000 v. to a bank of four 75 kv-a. 4000/220 v. power 
transformers as shown in the wiring sketch Fig. 7. The 





lighting supply is taken from one 3714 kv-a. single phase 
4000/220 v. transformer with provision made for a 
second unit in the future. 

At one end of the plant is the office of L. V. West, 
chief engineer, and at the other a small laboratory for 
carrying out the routine operating tests. 


A Combined Electric Power and Steam 
Supply Station 


AN INTERESTING station has recently been completed 
in Brunn, Czecho-Slovakia, by the Skoda Works Co. for 
the Western Moravia Electricity Works Co., the plant 
being adapted to supply steam as well as electrical 
energy to the various textile mills in the district. Steam 
is generated at a pressure of about 938 lb. per sq. in. 
in a battery of boilers capable of generating 200 t. of 
steam per hour. The generating plant comprises two 
4500-kw. 6300 v. turbo-generators and one 9000 hp. set. 
The exhaust steam at about 128 lb. pressure is diverted 
into long distance distribution pipes and a 6000-kw. 
low-pressure turbo-generator set has also been installed 
to utilize any excess of steam not required for industrial 
purposes. Conversely, live steam can be passed to the 
distribution pipes through pressure reducing -valves 
when the industrial demand increases at a time when 
the call for electric power supply is low. 


THE COLOR oF walls and ceilings plays an important 
part in the efficiency of a lighting system. Semi-indirect 
and totally indirect systems require white or very light 
ceilings and upper side walls down as low as the top 
of the windows. 
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CENTRAL STATION 
PERFORMANCE’ 


By A. G. Christie™ 








ECENT turbines for 450 to 1200 lb. and 700 to 825 
deg. F. are bled at one to five points for regenera- 
ative feedwater heating and, for 600 to 1200 lb., usually 
have one stage of reheating. Flue gas reheating gives 
higher station economy but live steam reheaters suffice 
where the only object is to decrease moisture at exhaust. 
Storage of coal in silos and in outdoor piles shows 
a trend toward elimination of coal bunkers inside the 
boiler room, with reduction of station cost and improve- 
ment in boiler room lighting. 


STEAM GENERATION 


Use of single-pass boilers is increasing since they cost 
less, permit simpler boiler plant, carry higher ratings 
and have lower draft losses than multi-pass units. The 
trend is toward the use of units of great capacity, both 
in square feet of heating surface and in steam output. 
A boiler at the East River Station, New York, Fig. 2, 
contains 60,706 sq. ft. of water heating surface and has 


*From a paper submitted by the American Comittee to the 
International Electrical Congress, in Paris, June, 1932. 

**Professor Mechanical Engineering, Johns Hopkins Univer- 
sity, Baltimore. 

*Performance of Modern Steam Y  aiaenactiel Units, C.. F. 
Hirshfield and G. A. Moran, A.S.M.E. 19 























produced 1,250,000 lb. of steam per hour. Maximum 
tube length is 36 ft. Certain new boilers, as Fig. 1, have 
a small amount of water heating surface, often single- 
pass, followed by large superheating, steaming econo- 
mizer and air-heater surfaces. 

Unit system plants with one boiler per turbine, each 
with its essential auxiliaries, as, for example, Gould St. 
Station, Baltimore, are now in service. A recent study* 
shows that the availability factor of large output boilers 
is about 85 per cent while the average availability factor 
for turbines is about 90 per cent. The availability factor 
for boilers appears to increase and the cost of mainte- 
nance per million pounds of water evaporated to de- 
crease with increased boiler output. High efficiency of 
large steam generators is maintained over a wide range 
of load, from 86 to 83.5 per cent over a range from 250 
to 550 per cent of rating being attained in the Charles 
R. Huntley Station in Buffalo. 

Steaming economizers are used with high tempera- 
ture feed water. Air heaters serve with or without 
economizers to provide air temperatures in the neigh- 
borhood of 350 deg. F., for stokers‘and 400 to 650 deg. 
F. for pulverized coal. 


v Vv Vv 


FIG. 1. B. & W. STANDARD 
BOILER FOR STATE LINE STA- 
TION EXTENSION 

Installation includes 2 reheat 


boilers and standard boilers, 
whose dimensions are: 


Surface Sq. Ft. 
Bover ’ ..csivees 8939 
Water wall ... 3283 
Superheater .. 8622 


Economizer ...31200 
Air heater ....80200 
Feedwater .... 441 deg. F. 


Pressare 4... 3 1300 Ib. 

Temperature .. 835 deg. for ca- 
pacity 500,- 
000 lb. steam 
per hour. 


Furnace Vol... .13,775 cu. ft. 
Heat release .. 42,800 ; “faaaa per cu. 














High heat absorption rates prevailing in large out- 
put boilers and in water walls have developed problems 
of water circulation and of water levels in drums. These 
difficulties are being studied for correction in new de- 
sign. Frequently drums of horizontal water-tube boilers 
are placed at a high elevation to provide a greater static 
head on the water in the tubes; some dry steam drums 
are coming into use on large boilers 





FIG. 2. COMBUSTION 
RIVER STATION, LARGEST IN WORLD. 
Dimensions are as follows: 


ENGINEERING CO. BOILER, EAST 


Surface Boiler Water wall Air heater 
Sq. Ft. 60,706 7,345 § 4 
Feedwater, 360 deg. F.; pressure, 425 lb.; temperature, 725 deg.; 

air temperature, 432 deg.; furnace volume, 38,200 cu. ft.; heat 

release, 25,300 B.t.u. per cu. ft. max.; maximum output, 1,250,000 

lb. steam per hour. 


Superheater 
3,900 


As quick starting is important, motor-driven cen- 
trifugal feed pumps with steam-driven reverse are 
usual. Motor-driven multiple plunger feed pumps will 
be installed in a new 1200-lb. plant where their overall 
efficiency of 77 per cent at full load is sufficient justi- 
fication for their high cost and great floor space re- 
quirements. 

Furnace EQuipMENT 

Projected area, fuel-burning capacity and efficiency 
of underfeed stokers have greatly increased. A recent 
installation will burn 73 lb. per sq. ft. per hr. on 694 
sq. ft. at a heat liberation in the furnace of 51,000 B.t.u. 
per cu. ft. per hr. Width is 26 ft., length 26 ft. 734 in.; 
height from floor to center line of mud drum, 19 ft. 
9 in. Zoned air control, improved pusher mechanism, 
better tuyeres, water-cooled side walls, deeper ash pits 
and more rugged clinker grinders characterize the newer 
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units. Heat liberation rates vary from 20,000 to 80,000 
B.t.u. per hr. per cu. ft. of furnace volumes with 
stokers. 

Forced draft chain grate stokers are used for free- 
burning coals, lignites and anthracite, the largest chain 
grate having 528 sq. ft. of surface, burning 65 lb. coal 
per sq. ft. per hr. at maximum output and having a 
furnace heat release of 42,000 B.t.u. per cu. ft. per hr. 


ff 





FIG. 3. FOSTER-WHEELER BOILER, MOORE’S PARK . 


STATION 


Dimensions as follows: 
Super- Econo- 
Surface Boiler Water wall heater mizer Air heater 
Sq. Ft. 18,760 846 3900 8400 19,320 
Taylor stoker, 440.6 sq. ft. projected area; furnace volume, 
10,369 cu. ft.; maximum output, 200,000 lb. per hour. 


For pulverized coal firing, the unit system is gaining 
in favor, as it provides a cheaper and simpler plant than 
the central system. Unit mills up to 50 t. per hr. capac- 
ity are in operation. Burners of the turbulent mixing 
type give better combustion and require smaller fur- 
naces than the earlier long flame burners. 


Coal is now dried in the pulverizers by preheated 
air, vent discharges delivering to the furnace, thus elim- 
inating dust nuisance. Many new boilers under which 
coal with low-fusing ash is burned have furnaces for 
vertical coal firing and with water-cooled, refractory- 
lined bottoms on which the ash accumulates as liquid 
slag and from which it is tapped-off in liquid form as 
in Fig. 1. A greater proportion of the total ash in the 
coal is retained in the slag than would be deposited 
in dry-bottomed furnaces. 


Recent practice indicates a heat release in powdered 
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coal furnaces of 12,000 B.t.u. per cu. ft. per hr. for 
plain refractory walls, 16,000 for air-cooled walls and 
24,000 to 38,000 for water-cooled walls. Average yearly 
efficiencies of boiler plant of 80 to 88.3 per cent, based 
upon the higher heating value of the fuel have been 
obtained. 

Limitation of boiler capacity through the deposit 
of ash as slag on the tubes above stoker and pulverized 
coal furnaces has been overcome by rearrangement and 
wide spacing of the first boiler tubes into a ‘‘slag- 
sereen.’’ This cools and hardens the ash particles by 























FOSTER-WHEELER SINGLE-PASS CONDENSER, 
SOUTH AMBOY STATION 

For 29.5 in. vacuum. Tubes 20 ft. by % in., 

Surface 20,500 sq. ft. 


FIG. 4. 


No. 18 B. w.g. 


absorbing their radiant heat before contact with the 
tubes, so that the ash passes on as dust. 


STEAM TURBINES 


Sixty-cycle turbines operate at 3600 and 1800 r.p.m. 
with a few at 1200 r.p.m. For a given casing, the capac- 
ity is limited by the allowable length of the last blades 
and by permissible leaving losses, maximum tip speed 
of 1200 ft. per sec. having been reached and, in certain 
eases, leaving losses up to 7 per cent of the adiabatic 
heat drop. Single cylinder units of 80,000 kw. and tan- 
dem units of 160,000 kw. capacity, all at 1800 r.p.m., are 
in operation. The largest single-cylinder condensing 
unit at 3600 r.p.m. is rated at 10,000 kw., while tandem 
condensing units of 15,000 kw. capacity are installed 
at this speed. 

Erosion by moisture in the last rows of blades is 
due to insufficient superheat for the range of expan- 
sion. Much attention is being given to this problem, 
heavy round-edged blade sections being used in place 
of the earlier feather-edged blades. Various blade mate- 
rials such as stainless steel, nitralloy, heavy chrome- 
plated steels and blades shielded with tungsten, tan- 
talum and stellite are under trial. Schemes for remov- 
ing moisture from the last stages of steam turbines 
appear to be effective in some units, but of little benefit 
in others. 
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Satisfactory operation of the Detroit Edison Co.’s 
turbine of 10,000 kw. capacity with initial conditions 
of 375 lb. and 1000 deg. F. will, in all probability, lead 
to a substantial increase in initial steam temperatures 
for new power plants. 

Use of a high-pressure oil supply to float the bear- 
ings and of motor-driven turning gear has enabled oper- 
ators to shorten starting time and to eliminate wear of 
bearings. 

Closed bleeder-heaters are generally used but jet 
heaters are increasing in number, evaporators to fur- 
nish distilled make-up water forming part of the 
bleeder feed-heating system, with deaeration generally 
effected in one of the bleeder heaters. 

Both high and low-pressure turbine glands usually 
have water seals, which require more power than laby- 
rinth packings but, by absolutely preventing steam leak- 


TABLE I. N.E.L.A. DATA ON CONDENSERS, 1930 





Sq.Ft per Kw. 


Single | multi 
Pass Pass 


GeP.Meper Kw. 


Single 
Pass 





Aver, 
Multi | size 
Pass | Kw. 


Kw. Rating 








78,000 
37,500 
15,200 


50,000 and over 
30,000 to 50,000 
To 30,000 


0.70 
1.05 
1.45 


0.95 
1.00 
1.43 


1,28 
1.80 
2.18 


1,00 
1.27 
1.60 


























age, decrease make-up requirements and troublesome 
roof condensation in cold weather. 


CONDENSERS 


Vacuum of 29 in. is specified and secured where 
cooling water of 55 deg. F. or less is available for the 
greater portion of the year. In southern plants with 
70 deg. water, 2814 in. vacuum must suffice. 

As shown in Table I, large quantities of cooling 
water are pumped per pound of condensed steam due 
to high water temperatures in summer and to the de- 
mand for the lowest absolute exhaust pressure consis- 
tent with the prevailing load and the leaving losses of 
the turbines. , 

Four trends characterize recent condenser practice: 
Better distribution of cooling surface has increased its 
effectiveness and lessened the pressure drop through the 
tube bank; undercooling of the condensate is prevented 
by introducing exhaust steam into the hot well; leakage 
of cooling water into the condensate has been practi- 
cally eliminated by rolling both ends of the tubes into 
the tube sheets, which may be floating or fixed; effective 
sub-cooling of the air pump suction has increased the 
available vacuum. Figure 4 shows a recent condenser 
design embodying these improvements. 

Where ample supply of cooling water is available at 
low head, single-pass condensers are favored, two-pass 
condensers being installed when cooling water is lim- 
ited or where the lift is high or extremely variable, as 
on certain rivers and tidal waters. Table I from 
N.E.L.A. sources gives some figures on American prac- 
tice with single and two-pass condensers. Tubes are 
usually’ 7% in. diam. for single-pass and 1 in. diam. for 
two-pass condensers. 

Use of welded plate construction for the condenser 
shell is increasing, to give less weight and first cost. 
Steam-jet vacuum pumps are almost universally used. 
Traveling screens are standard equipment on the in- 
takes of cooling water channels, these intakes being 





located as far below the water surface as possible to 
draw from the cooler water at the lower depths. 


Repucina Power Costs 


Station performance is determined by the economic 
influences upon the unit cost of power of the price of 
fuel, load factor and rate of system growth. Moderate 
load factors and low fuel costs do not warrant large 
plant investments to secure high thermal efficiency but, 
when both fuel costs and load factors are high, thermal 
efficiency becomes a major factor and plants are de- 
signed to secure the best possible performance. 

Cost of power consists principally of fixed charges 
upon the investment in plant and of operating and 
maintenance expenses. Plant investment can be re- 
duced by larger units. If higher pressures and temper- 
atures are employed, fuel costs can be reduced, while 
unit combinations of one boiler for one turbine will 


TABLE II. DATA OF MERCURY VAPOR PLANTS 





Hartford | Kearny | Schenectady 
10,000 | 20,000 20,000 

q 
Speed of mercury turbine, r.p.m. 720 900 900 


Total steam from unit - 129,000 525,000 325,000 
lb. per hr. 


Steam pressure, 1b. gage 275 365 400 
Steam temperature, deg. F. 680 750 760 





Load on mercury turbine, kw. 


Meroury vapor pressure at 125 
turbine - 1b. gage 


Mercury vapor temperature 958 
at turbine - deg. F. 


Vacuum of mercury condenser, 1.5 3.0 
in. abs. 

















Temp.of mercury vacuum, deg. F. 440 485 





simplify piping and auxiliary arrangements and, by 
permitting full automatic operation, will lower operat- 
ing costs. Many turbines are new purchased with most 
economical load at 60 per cent of rating, which allows 
a margin for peak load and emergency demands. 

Attention is. being directed to the possibilities of 
reconditioning and increasing the capacities of old sta- 
tions, as these can often carry the low-load-factor por- 
tion of the demand at least total cost. Frequently this 
reconditioning provides added system capacity at less 
cost than can be secured by any other means. 

Although the elimination of the power house struc- 
ture to lower first cost of plant is under consideration 
and two out-of-door plants are being constructed, one 
with the boilers unhoused and the other with the tur- 
bines outside, the elimination of superstructure may nct 
offer as great an opportunity for cost reduction as sim- 
plification of design. 


Binary Vapor PLANts 


Diphenyl oxide is being circulated through econo- 
mizers in one of the newer stations and serves to preheat 
air entering the furnace; also it is proposed to use 
diphenyl] oxide in a new station both to superheat the 
high-pressure steam and to reheat it between cylinders. 

Besides the mercury boiler and turbine which have 
operated successfully in series with a steam turbine at 
one of the plants of the Hartford Electric Light Co., 
two mercury plants of 20,000 kw. are under construc- 
tion. One is at Schenectady, N. Y., to deliver power to 
the N. Y. Power and Light Co. and to send 325,000 Ib. 
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of steam per hr. to the works of the General Electric 
Co. The other, at Kearny Station of the Public Service 
Electric and Gas Co. of N. J., will deliver steam to tur- 
bines in which 33,000 kw. will be generated, thus mak- 
ing, with the 20,000 kw. from the mercury turbine, a 
total output of 53,000 kw. for the combined mercury- 
steam unit. Table II gives details of the three plants. 
The mercury vapor plant appears to be economically 
justified for a system where fuel costs are high or where 
the unit with its accompanying steam turbine can be 
given a constant heavy loading through the year. 
American central stations are still undergoing change 
and development to increase reliability, simplicity and 
efficiency. Higher operating pressures and temperatures 
are now recognized as practical and economically justi- 
fied, the present effort being for the production of more 
kilowatt hours for every dollar of total expense. 


Detecting a Tenth of a Millionth of 
a Volt 


A VACUUM TUBE a thousand times more sensitive than 
its predecessors in the measurement of minute voltages 
was announced by G. F. Metcalf and T. M. Dickinson 
of the vacuum tube engineering department of the 
General Electric Co. at a meeting of the American 
Physical Society at Cambridge, Mass., recently. The new 
‘‘low noise’’ vacuum tube, technically designated as the 
Type PJ-11 Pliotron, differs particularly from the usual 
tube in the degree of vacuum that has been attained. 
In the ordinary tube, the gas pressure within the tube is 
of the order of a millionth of an atmosphere; the new 
tube has been exhausted to a billionth of atmospheric 
pressure. The ‘‘low noise’’ tube makes it possible to 
detect voltages of the order 1/10,000,000 v. It has been 
possible to do this at radio frequencies for some years 
but when attempts were made to amplify voltages whose 
frequencies were less than 1000 cycles per second, it was 
found that voltages of less than 1/10,000 v. were masked 
by large random disturbances. These disturbances are 
made audible by a loudspeaker, as a hissing noise. 

Reducing this noise between 100 and 1000-fold, the 
new tube makes it possible to measure accurately volt- 
ages as small as one-millionth of a volt and to detect 
voltages 10 times: smaller, at any frequency from zero 
(direct current) to a million or more cycles per second. 

Laboratory investigations show that random disturb- 
ances in the usual tube are caused by any or all of such 
happenings as insulating material in or near the electron 
path, irregularity of filament emission, gas, positive ions 
emitted by the filament and insulating or foreign depos- 
its on grid wires. Having located the causes of the dis- 
turbances, the engineers then minimized them. 

One of the first applications of the new tube has been 
in the portable electro-cardiograph produced by the 
General Electric X-Ray Corp., Chicago. 

Contraction of the heart muscles is accompanied or 
preceded by an electric manifestation. When a muscle 
contracts, its electric potential or voltage differs from 
that of a muscle at rest. If two points of the body of the 
patient are connected through a sensitive measuring 
device, such as a galvanometer, the instrument indicates 
an electric tension which varies with the heart beats. 

The cardiograph records these voltage variations, of 
the order of a millivolt, so that an analysis of heart 
action can be obtained. 
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Measuring the 
Temperature Rise 
of Cooling Water 


Details of equipment used at Long Beach 
Station to give reliable readings within 0.1 
deg. F. Thermocouples and multi-point re- 
corders give complete satisfaction if properly 
installed. Data used for calculating pump ca- 
pacities and for indicating condenser fouling. 


By 
D. PARK WOOLLEY 


Experimental Engineer 


Southern California Edison Co., Ltd. 


ENTRAL STATION designing and operating engi- 

neers are keenly interested in methods and devices 
which will increase the accuracy of condenser perform- 
ance data. They know that large savings in operation 
cost are possible if vacuum and condenser performance 
ean be improved. Only when accurate and consistent 
data are obtained and compared can the conditions con- 
ducive to the best economy be determined. A most 
important factor in these data is the temperature rise 
of the cooling water passing through the condenser. 
Methods used at the Long Beach Steam Station of the 
Southern California Edison Co., Ltd., accurately to 
measure this value are discussed. The methods in use 
at this Station are the result of considerable study and 
experimental work. 

To determine actual daily condenser performance 
it is essential that the quantity of cooling-water passing 
through the condenser be known under all operating 
conditions. This may be determined with a high degree 
of accuracy by the heat balance method. By this method 
the rise in temperature of the cooling-water is divided 
into the quantity of heat given up by the steam in the 
condenser. 

Surface condensers are commonly designed to give 
a 9 or 10 deg. F. rise in temperature with rated load on 
the turbine. A 10 deg. F. temperature rise requires that 
for a determination of the quantity of cooling-water 
within one per cent accuracy the temperature difference 
measurements must be accurate to within 0.1 deg. F. 

Use of flow meter equipment for measuring the large 
volume of low-head cooling-water required for condenser 
operation is seldom desirable. The costliness of accu- 
rately designed and installed Venturi tubes makes them 
prohibitive. Flow-nozzles, or orifices for large pipe lines 
do not give results within the desired range of accuracy 
and the loss of pressure head caused by orifice plates 
has been found to be uneconomical in operation. Growth 
of algae and shells where ocean water is used soon im- 
pairs the accuracy of orifice meters and necessitates fre- 
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quent cleaning. For these reasons the direct measure 
ment of cooling-water has been abandoned at the Long 
Beach Steam Station when exact data are desired. Pitot 
tubes are used to give a rough indication of the flow 
largely for the purpose of indicating the degree of clean- 
liness of the condenser. 

There are a number of objections to the use of 
mercury thermometers for obtaining the temperature 
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NO. 3 OF THE LONG BEACH STEAM STATION 
OF THE SOUTHERN 

Two 100,000 kw. units, known as unit 10 and unit 11, are in this 
station. Ultimate development contemplates 6 more units of 
equal or greater capacity. Transformers step up generator 
voltage of 16,500 v. to the transmission voltage of 220,000 v. 
Maes go’ automatic control systems enable operation of this 
plant of 200,000 kw. capacity by 15 men, including watch engineer 
in charge, on each shift. The capacity of this plant increases 
the capacity of the Long Beach Steam Station to 415,000 kw. 
The average economy of Plant No. 3 for the year 1929 was 
12,848 B.t.u. per net kw.-hr. Unit 11 (in the foreground) and 
unit 10 Long Beach Steam =< Turbines are tandem com- 
pound, nameplate rating 94,000 kw. Gross operating rating 
100,000 kw. Four vertical, 26,000 sq. ft. single pass condensers 
serve each turbine 
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rise of the condenser cooling-water. The difficulty of 
properly locating the thermometers to obtain the mean 
temperature of the water at the condenser inlet and out- 
let ; the errors of observation; the errors inherent in the 
instrument and the fragility of glass thermometers are 
among the principal drawbacks to their use. 


STRATIFICATION OF WATER IN PIPES 


In order to obtain the mean temperature of water 
flowing in a large pipe line, several feet in diameter, 
with glass-mercury thermometers, it is necessary to use 
a number of thermometers placed at intervals around 
the pipe. Temperature stratification must be investigated 
to determine the least number of thermometers necessary 
for an accurate measurement. The short small bulb of a 
glass-mercury thermometer precludes the possibility of 
this type of thermometer extending into the pipe far 
enough to traverse the cross-section and therefore the 
temperature indicated is for a very small part of the 
volume of water flowing in the pipe. 

Errors of observation depend upon the eyesight and 
judgment of the individual reading the thermometers, 
but in no case can they be considered negligible and 
therefore must be determined. The accuracy of the 
readings, will, also, be affected by the rapidity with 
which the mereury column changes position and in cases 
where the variation in temperature of the cooling-water 





fluctuates rapidly many readings must be made to secure 
reliable average results. Likewise, the time interval 
elapsing between reading the many thermometers is an- 
other factor in making the glass-mercury thermometer 
method an unsatisfactory manner of securing the true 
mean temperature of the cooling-water. 

Reliability of a certified glass-mercury thermometer 
depends entirely upon its method of calibration. This 
is usually done by checking a few points along the 
stem, the thermometer being under atmospheric pres- 
sure. When the bulb of an ordinary glass-mereury 
thermometer is introduced into a pipe line and is sub- 
jected to ten or more pounds additional pressure at 
constant temperature, an appreciable increase in its 
reading will be obtained. The pressure drop through a 
condenser is usually sufficient to make an error of 0.1 
deg. F. Hence, it is necessary to calibrate each ther- 
mometer under exactly the same pressure conditions 
under which’ it will be used. If the thermometer is 
placed in a short oil filled well to overcome the influence 
of pressure and to protect the bulb the chances of an 
error by conduction make the accuracy of the readings 
questionable. These objections to the use of glass-mer- 
cury thermometers have caused the discontinuance of 
their use where high accuracy of temperature measure- 
ment is desired. 

Investigations by the U. S. Bureau of Standards** 
and others have demonstrated that electrical resistance 
thermometers are capable of a high degree of accuracy 
especially where temperature-difference measurements 
are desired. The small range of the condenser cooling- 
water temperatures which ordinarily vary between 50 
and 90 deg. F.makes it possible to use inexpensive copper 
wire whose temperature-resistance characteristics in this 
interval is accurately linear. Resistance thermometer 
coils can be made of any desired length and their re- 
sistance will measure the average temperature of the 
water passing around them. 


UsE or Muutipoint INDICATORS 


At the Long Beach Steam Station multiple-point 
electrical temperature recorders were chosen for the 


purpose of obtaining the temperature-difference between . 


the injection and overflowing cooling-water. The instru- 
ment is guaranteed to have an accuracy of 0.1 deg. F. 
on temperature-difference measurements within the 
temperature ranges encountered in operation. 
Arrangement of the cooling-water piping, condensers, 
and pumps for the two 100,000-kw. units in Plant No. 3 
of the Long Beach Steam Station is shown in Fig. 1. 
Steam from each of the turbines exhausts into four 
vertical condensers. The condensers are single pass with 
20,000 sq. ft. of surface each. Two condensers stand to 
the north and two to the south of each low-pressure 
turbine. The condensers are numbered from the turbine 
throttle, N-1, N-2, S-1 and S-2 on each unit. There are 
four temperature recorders for the two units and each 
instrument records the temperatures for two condensers. 
Temperature recorders use a 10 in. wide roll-chart 
with a temperature scale reading from 50 to 110 deg. F. 


** Scientific Paper (Bulletins) of the U. S. Bureau of Stand- 
ards; No. 68, Calorimetric Resistance Thermometers and the 
Transition Temperature of Sodium Sulphate, by H. C. Dickinson 
and E. F. Mueller; No. 147, The Temperature Coefficient of 
Resistance of Copper, by J. H. Dellinger; No. 200, New —— 
metric Resistance Thermometers, by H. C. Dickinson and E. F. 
Mueller; No. 2 A A Wheatstone Bridge for Resistance Ther- 
mometry, by C. W. Waidner, H. C. Dickinson, E. F. Mueller, and 
D. R. Harper, 3d. 
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and a temperature-difference scale reading from 0 to 15 
deg. F. The smallest division on the chart is 0.4 deg. F. 
for temperature and 0.1 deg. F. for temperature-differ- 
ence measurements. Small divisions on the chart are 
equally spaced and are approximately 1/16 in. wide. 
The printed record can be estimated to about one-quarter 
of one small division, giving reading of 0.1 deg. F. for 


‘recorded temperature and 1/40 deg. F. for recorded 


temperature-difference. Temperature or temperature- 
difference readings are, however, not considered this ac- 
curate. A sample record obtained is shown in Fig. 3. 
Figure 2 shows the application of the Callendar or 
loop-system of compensation for the effects of the re- 
sistances of the thermometer leads in temperature-differ- 
ence measurements. It will be noted that there are four 
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FIG. 2. WIRING DIAGRAM 
SHOWING LOOPED-END SYS- 
TEM OF COMPENSATING FOR 
THE RESISTANCE OF THE 
THERMOMETER LEADS IN 
TEMPERATURE - DIFFERENCE 
MEASUREMENTS 


lead wires to both the injection and outlet water ther- 
mometers in the measuring circuit. 

In the case of each thermometer the two lead wires 
joined to the ends of the thermometer coil are connected 
in one arm of the bridge, and the other two lead wires 
which are dummy leads formed of a single loop running 
through the same conduit and extending to the top of 
the thermometer coil are connected in the opposing arm 
of the bridge. The two pair of lead wires are alike so 
that variations in temperature, in any part of the 
conduit, affect each equally. 

Lead wires from the recorders which are mounted 
on the condenser gage board to the thermometers located 
in the water pipe lines are from 50 to 150 ft. in length, 
depending on which point is taken, but all of the lead 
wires to any one point are of the same length. Number 
16 B. & S. gage solid copper wire is used. 

An adjustable resistance is placed in the measuring 
circuit which makes it possible to compensate for any 
small inequality in resistance between the two arms of 
the bridge. This is very helpful because it is practically 
impossible to make the lead wires in either arm exactly 
equal in resistance. 

All of the thermometers are wound with copper wire 
and have approximately 10 ohms resistance at 77 deg. F. 
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The length of the distributed coils of the temperature- 
difference thermometers is equal to the diameter of the 
pipes in which they are placed. The coils are wound on 
1Z-in. cambric insulated rods and covered with a single 
layer of varnished silk to protect them from grounding 
on the wells. The wells are made of 1 in. O.D. stainless 
steel and in the vertical pipe lines are supported at 
both ends. 

Principal desirable features of installation described, 
lie in the use of looped leads to compensate for tempera- 
ture variations along either pair of thermometer lead 
wires and an accurate balance of the bridge circuit ex- 
ternal to the recorder. Also, in place of the regular 
125-v. d.e. control current through resistors as first de- 
signed, a 6-v. storage battery and 2 ampere trickle 
charger are now used on the recorders. This has been 
found to give much better service than the higher voltage 
current, which was troublesome due to frequent ground- 
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FIG. 3. PORTION OF CONDENSER TEMPERATURE RECORD- 
ER CHART. POINT 1, TEMPERATURE OF EXHAUST 
STEAM. POINT 2, TEMPERATURE OF THE CONDENSATE 
IN THE HOTWELL. POINT 3, TEMPERATURE OF THE 
INJECTION WATER. POINT 4, TEMPERATURE-RISE COOL- 
ING-WATER CONDENSER N-1l. POINT 5, TEMPERATURE- 
RISE COOLING-WATER CONDENSER N-2. POINT 6, TEM- 
PERATURE OF AIR LEAVING NORTH INTERCOOLERS. 
POINTS 1, 2, 3, AND 6 REFER TO THE 50 TO 110 DEG. F. 
SCALE. POINTS 4 AND 5 REFER TO THE 0 TO 15 DEG. F. 
SCALE. CHECK-POINT SHOULD FALL ON THE 70 DEG. 
AND 5 DEG. LINE 


ing. A 0.5 ampere fuse has been inserted in the battery 
circuit to protect the coils from too high a current and 
consequent overheating in the event that part of the 
circuit is shorted out. 

To determine the reproducibility of results by the 
recorder a check point is provided on the selector switch 
which cuts out external circuits and allows the bridge 
slide wire to be balanced against a standard resistance 
contained in the recorder. Operation records over a long 
period of time have proven that the recorder, when prop- 
erly adjusted and with the electrical contacts free from 
dirt, has a variation in the check point of less than 1/20 
deg. F. To maintain this precision it has been found nec- 
esary to clean the contacts with benzol about once a 
week. A variable check point record usually indicates 
that the moving contacts need to be cleaned. 


Finpine THE ZERO Point 


Previously the practice was to set the recorders for 
zero balance with the turbine down and the cooling- 
water pumps running. This assumed that both the inlet 


and outlet thermometers*were at the same temperature 
and that the recorder would give the correct tempera- 
ture-difference when the turbine was operating. This 
method did not allow sufficient freedom in checking the 
recorders, and therefore two sensitive 100-ohm nickel 
wire thermometers were made to fit in extra thermometer 
wells in the water pipe lines. The recorders are now set 
under regular operating conditions by using these 100- 
ohm thermometers placed in the extra wells in the inlet 
and outlet water pipe lines and connected to a portable 
semi-precision thermometer bridge and a galvanometer 
for detecting a condition of electrical balance in the 
bridge. 

It was necessary to determine the resistance increase 
of these 100-ohm nickel thermometers per deg. F. as 
well as the difference in resistance between them at the 
same temperature. They were very accurately calibrated 
in an adiabatic calorimeter apparatus against two pre- 
cision calorimeter thermometers which had been certi- 
fied by the U. S. Bureau of Standards. 


The field set-up for checking the recorders consists 
of the two 100-ohm thermometers placed in the extra 
thermometer wells, one in the inlet line and the other in 
the outlet line. These are connected to the portable 
thermometer bridge by means of the looped lead system 
of compensating for the temperature effects of the lead 
wires. The turbine is operated on blocked load and 
the difference in resistance between the outlet and inlet 
100-ohm thermometers is measured every time the re- 
corder is ready to print. The resistance measurements 
are converted to degree F. by reference to calibration 
curves. The recorded readings are made to agree by 
properly adjusting the compensating dials provided for 
this purpose in the bridge circuit. 


CHECK READINGS 


This method is occasionally checked by running the 
circulating pumps with the turbine shut down under 
which conditions there should be a negligible tempera- 
ture-difference between the inlet and outlet thermom- 
eters, in other words, the recorder should balance on 
zero. The two methods have been found to agree well 
within 0.1 deg. F. 

Exact measurement of the rise in temperature of the 
cooling-water may be used for cooling-water pump ¢ca- 
pacity tests. These readings also serve as an indication 
of condenser fouling. Likewise, where there is more than 
one condenser serving the same unit, as is the case in 
Plant No. 3 of the Long Beach Steam Station, the rela- 
tive fouling of the condensers is evident. In the case 
of the installation referred to, the temperature rise of 
the cooling-water is allowed to increase 1 deg. before it is 
considered that the expense of cleaning is justified. 

Figure 3 shows a portion of temperature recorder 
chart for the two north condensers N-1 and N-2 serving 
Unit 11. This portion of the chart was made on the 
morning of November 12th. This record is of particular 
interest because it shows the difference in results pro- 
duced by a clean and a dirty condenser. During the 


‘night N-2 condenser (point 5 on the chart) was cleaned 


with rubber plugs. Because of the better heat transfer 
the temperature of the cooling-water passing through 
N-2 condenser is raised 1.4, deg. F. higher than the 
temperature of the cooling-water passing through N-1 
condenser (point 4) which has not been cleaned. When 





all four condensers are clean the temperature rise is 
about the same in each condenser and is in the neighbor- 
hood of 9 deg. F. at maximum load. 

Instruments in use at Long Beach record the tem- 
perature of the injection water, the temperature of the 
exhaust steam, the temperature of the condensate in the 
hotwell and the temperature of the air leaving the inter- 
coolers. All these data, together with the temperature 
rise of the cooling-water make a permanent record of the 
condenser operation which is a guide to both better 
operation and better maintenance. 

Operating conditions at the Long Beach Steam Sta- 
tion are favorable for experimental investigation of the 
nature described. A large portion of the year Plant No. 
3 is operated at practically constant load. Even during 
the period it is used for regulating the system load the 
machines can be operated for an hour or more on blocked 
load. This kind of operation has resulted in a close 
adjustment of the automatic steam pressure control 
which usually maintains the steam at the turbine throttle 
within a range of 3 lb. above or below the desired 
pressure. 

Block load conditions are maintained by means of a 
special blocking device attached to the governor arm. 
This device is adjustable to any desired load and re- 
strains the governor arm from greater opening of the 
steam inlet valve. The blocking device is suspended 
from the governor arm by a pinched ball joint on which 
the tension is adjusted to pull apart on a half cycle drop 
in turbine speed. This feature releases the governor to 
enable the unit to take all the load it can in the event of 
low system frequency. 

Experimental work which furnished the material for 
this article was carried out by the Efficiency Division 
of the Steam Generation Department of the company 
under the direction of L. J. Kraps, efficiency engineer. 


- Diesel Power for Station 
Rarr— 


TATION KSTP, National Battery Broadcasting Co., 

located 12 min. south of St. Paul, Minn., is stated 
to be the first large radio station in the United States 
using Diesel power for the operation of its equipment. 
The postal station is called Radio Center and the radio 
station is sometimes referred to by that name. Until 
a year ago, KSTP was a 5000-w. broadcasting station, 
operating on a frequency of 1460 kilocycles. Recently 
the company obtained a permit from the Federal Radio 
Commission to increase the radiation to 10,000 w. with 
the possibility of increase, at a later date, to 18,000. w. 

One of the most important items in any broadcasting 
system is a reliable, continuous electrical service. In- 
asmuch as this station operates on an average of 19 hr. 
per day, economy is also an important consideration. 
For these reasons, during the construction of its plant, 
careful investigations were made as to the desirability 
of purchasing power from a large central station or-of 
generating power by means of a Diesel engine. It was 
estimated that the average load would be 85 kw. for 


19 hr. per day. Current required was 3-phase, 60-cycle,- 


480 v. and the total kilowatt-hours required over a 
period of one year would be 589,475. 

On this basis, the purchased power cost would be 
$8678 per yr., or an average of 1.47c per kw-hr. It was 
estimated that a Diesel generating unit would show low 
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operating costs and a cost per kilowatt-hour lower than 
for purchased power. 

A 210-hp. Fairbanks-Morse 3-cylinder, 14 by 17-in. 
Diesel engine operating at 300 r.p.m., direct connected 
to a 167-kv-a., 133-kw., 3-phase, 60-cycle, 480-v. engine 
type alternator was installed, with the necessary exciter, 
switchboard, cooling tower, air starting equipment and 
other such apparatus. This unit was of sufficient size 
to allow for an ultimate radiating capacity of 18,000 w., 
at which time it is estimated that the load will be 
approximately 110 to 120 kw. 


Precautions NEEDED IN Usine DiksEt AT Rapio STATION 


Certain difficulties must be considered in the installa- 
tion of a Diesel generating unit in radio station. 

1. The foundation must be thoroughly insulated to 
prevent any possible vibration from being transmitted 
to the transmitter room, as the tubes in the transmitter 
are very sensitive. The foundations at KSTP are in- 
sulated from the ground with 12 in. of fine sand. 

2. Because of the intense electromagnetic field at 
such a location, the entire unit as well as the alternator 
and all auxiliary equipment must be heavily grounded. 

3. The exhaust stack should not extend above the 
roof of the building and, in addition, excellent silencing 
must be provided so that exhaust noise will create no 
objectionable air vibration. This is readily accomplished 
at KSTP by a concrete exhaust silencing pit and a 
Fairbanks-Morse silencer. 

4. Voltage regulation must be controlled within 
close limits so as not to affect either the life of the radio 
tubes or the broadcasting itself. This was accomplished 
through installation of a Tirrill voltage regulator. 

5. The frequency must be controlled within %4 of 1 
per cent. This was also readily accomplished at KSTP. 
Incidentally, the U. S. Government has a radio testing 
station at Grand Island, Nebr., which checks the wave 
lengths and reception from radio stations throughout 
the United States, also operated by Fairbanks-Morse 
Diesels. 

The power plant at Radio Center is a complete in- 
stallation in itself. A water softener is used to treat the 
water used up by evaporation. A cooling tower, con- 
structed over a concrete basin, has eight spray nozzles 
and receives its water at approximately 8 to 10 lb. 
pressure. A bypass arrangement is made around the 
tower so that during the winter months the water can 
be bypassed directly back to the basin without using 
the nozzles. A centrifugal pump driven by a 3-hp. 
electric motor pumps water from the cooling tower 
basin, through the engine, back through the spray noz- 
zles and into the basin again. This pump unit is wired 
so that when the Diesel generating unit is started up in 
the morning, it obtains its energy from the alternator 
fields at 440 v. and gets up to speed practically as soon 
as does the generating unit. 

No operator is required for the operation of the 
Diesel generating unit. The radio operator makes a 
tour of inspection once every two or three hours to 
check the fuel and lubricating oil supply. An automatic 
water thermostat is so arranged that, if the temperature 
of the water exceeds 150 deg. F., an alarm sounds in the 
radio station proper and steps may be taken to correct 
the condition. All electrical instruments are located 
in the main radio station so that the voltage and current 
being generated may be noted at any time. 
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High Pressure Boiler Availability at Lakeside 








VAILABILITY of high pressure boilers can by 
proper design and operation be brought up to that 


of low or medium pressure units. This has been well 
demonstrated by several years’ records of the 1390 lb. 
units at Lakeside’. During 1931 the average availa- 
bility of the four high pressure boilers was 92 per cent 
as shown by Table I. 

Boiler No. 17, the first high pressure unit installed 
in 1926 had the poorest record with an availability of 
82.3 per cent. This cannot, however, be considered as 
1See Power Plant Engineering Aug. 15, 1931, p. 830, for a record 
of the development of Lakeside since 1920. 


2See Radiant Superheater Developments by M. K. Drewry, 
Power Plant Engineering, p. 128, Feb. 1, 1932. 


TABLE I. AVAILABILITY OF THE FOUR BOILERS FOR 1931 








average 
Boiler No. 17 1s 19 20 | All Boilers 
Number of times out for repairs 6 5 4 3 
% of time in operation 66.9 | 68.1 | 75.2 | 74.3 70.6 


% of time idle but ready for service | 15.4 |24.8 |21.8 | 23.5 21.4 
% of time out for repairs 17.7 | 7.1 | 5.0] 2.2 8.0 
% totel availability 82.3 {92.9 {95.0 | 97.8 92.0 























TABLE II. COST OF MAINTENANCE ON THE FOUR BOILERS 



























































Four 1390 is. Borers SHow 92 Per Cent 
AVAILABILITY FOR THE YEAR 1931 AND A 
Toran Lasor AND MAINTENANCE CosT OF 
$16,189.93 For 24,752 Borer Hours or 
OPERATION. THis 1s Equau To Asout $0.65 
Per Hour or Operation. By G. G. Post, 
VicE PRESIDENT IN CHARGE OF Power, THE 
MILWAUKEE Exectric Rarway & Lieut Co. 





typical performance because the unit was out of serv- 
ice during the latter part of the year to permit the 
original square section radiant superheater elements 
to be replaced with tubular elements”. At the same time 
a considerable amount of work was done replacing boiler 
tubes which were causing trouble due to deposits dating 
back to the early development period in 1926. 

Operation of this boiler during the past year is not 
representative of what may be expected later. Exclusion 
of this unit increases the availability of the three re- 
maining units to 95.2 per cent and decreases the times 
out for repairs to 12, an average of one outage in four 
months for each boiler. 

This record was made in the face of extremely vari- 
able load conditions with two and sometimes three of 
the four units out of service each night. Sometimes 
one or two units were used for a few hours only to 
carry Saturday or Sunday evening peaks. 

The remarkable flexibility of this type of reheat 
boiler is shown not only by the above availability figures 
but by the maintenance cost as shown by Table II. Ex- 
eluding No. 17 because of the design change previously 
mentioned, the total labor and material maintenance 
cost of the three remaining boilers was but $3,420.29 for 
the entire year. These three boilers operated 71.8 per 








Cost of Maintenance Labor (Incl. shop Labor) : « ° ° 
elie tne - - pe wo lai potiere} Cent of the time or about 18,850 boiler hours, bringing 
Boiler end s Tube i : j 
superbector ent Robester | ‘Uair-at | guest | f3a:49 | gens ° iseicse | the cost per boiler hour down to about $0.181. Even 
Other miscelLaneous equip-| #21 | 6-24) 727.59 | 9.78 | 2087.62 | with the unusual expense of some $12,000 for replace- 
te ee: 2094.01 | 245-59 | 679-44 | 125.94) 2102.98 | ment of the old type elements on No. 17, the total cost 

otal - 8001.2: ° . . . i 
; #000228 | $424.89 [#246202 | $202.80 | $0080.52 | was but $16,189.93 for 24,752 boiler hours or about 
Cost of Maintenance Material $0.65 per ‘hour. 
Boiler No. . . ° ° 
Boiler and screen Tubes geste. ’ 20.86 9 abe |e 10.08 eee Data on the high pressure section of the station since 
FUrna00 neous ih 300.68 | en:i8| erees | sibel oseacee | the first installation in 1926 are shown by Table III. 
ment on boiler | 30.29 | 265.821 36a.01| 2.58| 1095.70 | ‘The first boiler’s availability was low (65 per cent) for 
Total - $4768.41 | $305.58 |§ 653.60 | gior.ez | $ 6100.4. | the first 14 mo. because of scale and corrosion troubles. 
Reheater tube replacements limited its availability to 
Labor and Meterial : . 
ee - va me mPa FER approximately 86 per cent until the new elements were 
° » e' . 
Total - Ignored 22 $799.97 ae | $304.70 | #iciss.03,| installed last fall. 
TABLE III. SINCE 1926 THE AVAILABILITY HAS INCREASED FROM 66 TO 92 PER CENT 
Year 1926 | 1927 | 1928 1929 1930 1931 
Boiler No. wztoaz] az] 17 19 Both ie foe: ae ee ae ee ee ee eee 
Hours operated 1037 | 5467 | 6945 | 7450 1528 8978 |6750 1838 7419 195 16204 | 5861 5969 6412 6510 24752 
Elapsed hours 1608 | 8760 | 8784 | 8760 1848 10608 |8760 2769 8760 217 20506 | 8760 8760 8760 8760 35040 
Per cent use factor | 65.4/ 62.4 |79.1/85.0 82.7 84.6 |77.1 66.4 84.7 90.0 79.0 | 66.9 68.1 73.2 75.0 70.6 
Per cent availability | 66.0 | 63.8 | 84.3 / 89.1 85.8 88.5 |86.6 91.7 89.6 90.0 88.6 | 82.5 92.9 95.0 97.8 92.0 
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Boiler Cleaning 


For 
Economy 


By REGINALD TRAUTSCHOLD* 


Whether Steams Costs 25 Cents or 
50 Cents for 1000 Ib. May Depend 
on Boiler Cleanliness. Often Invest- 
ment in an Effective Cleaner Yields 
Big Returns on the Investment. 


ESUMPTION of profitable business calls for 

drastic economies in power plant operation as 
well as in factory and mill. Every department of a 
business will have to cut its costs, in efforts to balance 
the budget. Since power costs are looked upon by 
some managers as especially burdensome, the power 
plant, in particular, will be called upon to effect sav- 
ings. Reduce the’ power cost burden and production 
expenses can be lowered is the attitude commonly 
assumed. 


Unit TREATMENT ESSENTIAL 


As the power plant is not an entity in itself but 
consists of more or less independent units, the desired 
economy in power plant operation is to be realized only 
by studying the operation of the several units separ- 
ately, then fitting each into the power plant assemblage 
so that under the existing conditions it may do its full 
share of the work effectively and function harmoniously 
with the other units. 


Fina Cost Is Wuat Counts 


No universal formula or hard and fast rule can be 
given for modernizing a power plant. Local conditions 
and requirements vary too widely. But the universal 
measure of attainment is the cost at which results are 
secured. Nothing else really counts. 

One plant may generate steam at a cost of 50 cents 
per 1,000 lb. while for another the cost may be only 
half as great, even though the price and quality of fuel 
may be almost identical at the two plants. With equip- 
ment of the two plants modern and efficient, yet some 
process in the cycle of steam generation may fail to 
click in one of the plants, possibly in the one that is 
actually better equipped; some essential process out of 
step, may result in one plant being penalized by a cost 
burden twice that carried by the other plant. Differ- 
ence in basic power cost may not be great but ineffi- 
ciencies in power utilization and incidental power wastes 


*Consulting Engineer 
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Modern 5-element blower installation 


pyramid so that the power dollar in the two plants is 
expended for widely differing final results. 


CoMPARISON OF Detar, Costs Most Logeican 


That rational correction ef any situation can be 
most readily effected when detailed cost items are segre- 
gated goes without saying but rarely are statistics per- 
taining to individual power plant equipment units re- 
corded. Even if they are, their value is lessened by 
lack of dependable standards for comparison. As con- 
ditions in no two plants are identical in all respects, 
comparative standards are liable to be disregarded or 
discredited. This isa mistake for, while conditions and 
requirements in power plants as a whole may differ 
widely, variation is far less when individual units and 
processes are considered. Comparisons of itemized ex- 
pense and attainment furnish information of value and 
may indicate ways of effecting desirable savings in essen- 
tial processes. 

Whatever the process, or operation, results secured 
in one plant are of interest to every other plant in which 
a similar operation is conducted. The plant that can 
show best results is helped by the ranking it earns, 
while in the plant where operation is less economical, 
the equipment and methods needing attention are sin- 
gled out. If this is done, surprising control over and 
betterment in power costs will result. 

In analyses of power plant equipment units, it is 
well to make sure that the best possible results are being 
secured with the existing equipment and an excellent 
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starting point is to check-up on the cleanliness of the 
boiler. Dirty boilers are charged with being responsible 
for about 25 per cent of the existing waste in power 
plant operation. In many individual plants, the waste 
from this cause is even much greater. 


MEcHANICAL Soot BLOWERS 


Today few plants that are operated economically 
and efficiently fail to employ mechanical soot blowers. 
Yet soot blowers have been greatly improved during 
the past decade and much information has been ac- 
quired concerning their proper use, hence here is an 
excellent opportunity to study the importance of mod- 
ern equipment and set up suitable cleaning methods 
and schedules. 

Naturally, the central station field affords an excep- 
tional source of information concerning the economic 
value of modern soot blowers, for the product of the 
publie service plants is power and the economical gen- 
eration of power is, consequently, of first consideration. 
Virtually all central stations employ mechanical systems 
of soot blowing and almost any one can provide perti- 
nent statistics. In the case of the Lynn Gas & Electric 
Co., Lynn, Mass., for instance, a battery of eleven boil- 
ers aggregating some 4580 hp. in rated capacity fur- 
nishes some interesting figures. All boilers are equipped 
with modern mechanical soot, blowing systems, the larg- 
est unit, an 880-hp. boiler, having ten blower elements; 
half a dozen 350-hp. steam generators and four 440-hp. 
boilers have five-element blowers. 


CENTRAL StaTION EcoNoMIES 

Total annual cost of soot removal with this equip- 
ment—ineluding all carrying charges, depreciation, 
maintenance, steam and labor costs—is somewhat less 
than $4200, about 93 cents per horsepower rating per 
year. Approximate cost of the hand-lance method of 
soot removal for the eleven boilers, based upon the ex- 
isting steam and labor rates, would be close to $5500 
a year or $1.31 per horsepower rating. Not only is this 
substantial saving of approximately 22 per cent real- 
ized but the gain from reduction of flue gas heat losses 
accounts for a further fuel saving of 1100 t. of coal a 
year, valued at more than $6000. 

At the Decatur Station of the Illinois Power & Light 
Corp., which supplies steam heat for commercial build- 
ings and residences, boilers equipped with mechanical 
soot blowers are used for their greater ease and econ- 
omy over hand-lance methods. Blowers are operated 
onee each 8-hr. shift, the total time for a thorough 
cleaning of a single boiler averaging about 4 min. The 
work is done, incidentally, without interfering with 
other boiler room duties. On a battery of four boilers, 
the total annual cleaning costs, taking into account every 
expense and charge, favor the mechanical system of 
soot blowing by nearly $3000. Besides, improvement in 
boiler efficiency is effected by a reduction in draft losses 
and the elimination of the heat losses incurred when 
opening the cleaning doors for hand-lancing. 


INDUSTRIAL PLANTS MAKE SuBSTANTIAL SAVINGS 

When the Youngstown Sheet & Tube Co. made a 
careful study of the problem of soot removal some years 
ago, exhaustive tests were conducted on two identical 
1500-hp., stoker-fired boilers to determine the relative 
. costs of mechanical and hand-lance soot removal meth- 
ods. Every possible care was exercised to have oper- 
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ating conditions similar and the findings comparable. 
Every expense item was accounted for, fixed charges, 
maintenance and upkeep as well as all operating ex- 
penses for labor, steam and supplies. Some of the sav- 
ings effected by the mechanical soot blowers were: 

Direct saving in annual cleaning expenses amounted 
to over $475 per boiler per year, a reduction of approxi- 
mately 21.5 per cent with a saving in fuel, due to a 
reduction of about 45 deg. in the temperature of the 
flue gases, of close to $2000 per boiler. Incidentally, 
the total investment for mechanical soot blower equip- 
ment installed was a matter of some $4700 per boiler. 

In advanced high-pressure steam plant operation, 
the installation at the Waldorf Paper Products Corp., 
St. Paul, Minn., is noteworthy. Here, two modern 1200- 
hp. boilers are operated, generating steam at a working 
pressure of 650 lb. with 250 deg. of superheat. Each 
of these boilers is equipped with twenty soot-blower 
elements of the swinging arm variety, ten installed on 
each side, while the air preheaters serving these steam 
generators are provided with six soot-blower elements 
in staggered arrangement. 

Blowers are operated at intervals of 12 hr. and 
clean the soot from the heating surfaces so effectively 
that exceptionally high overall boiler efficiencies are 
maintained continuously and without appreciable vari- 
ation in rates of fuel consumption. In fact, one of these 
well cleaned boilers, after continuous operation day and 
night for a period of three months, functioned at an 
unimpaired efficiency of 87 to 88 per cent, giving con- 
clusive evidence, not only that the boiler and air pre- 
heater were kept clean by the soot-blower system, but 
that boiler cleanliness is important. ‘* 


Power Cost ReEpucTION INDEX 


Results such as these may be said .to represent goals 
in the progress to power cost reduction. They provide 
comparative standards that can be studied to advantage 
by all steam power plants. Compared to antiquated 
methods of boiler cleaning, they point to a simple way 
of effecting important reduction in power costs. 

For plants equipped with soot-blower systems, these 
results provide check measures that are helpful in show- 
ing whether their present boiler cleaning costs are justi- 
fied or whether further modernizing of boiler cleaning 
methods, schedules or equipment should be undertaken. 
Today a satisfactory mechanical soot blower system, 
compared with hand-lance methods, should save at least 
1 t. of coal out of 9, eliminate the need for additional 
labor for routine boiler cleaning and save substantial 
amounts in refractory and boiler tube upkeep expense. 

Careful, periodic, check-up on boiler cleaning costs 
will wel repay any power plant but even more important 
is an accurate determination of the effectiveness of the 
cleaning. If boiler efficiencies show a tendency to fall 
off or to fluctuate noticeably between boiler cleanings, 
an excellent first step is a detailed investigation of ex- 
isting methods of boiler cleaning, schedules and equip- 
ment. 

Radical alterations in power plant operating equip- 
ment, may well await the attainment of the best re- 
sults obtainable with existing facilities. Doubtless re- 
conditioning will be necessary at other points but few if 
any changes will show greater-:return on the investment 
entailed than proper provision for kéeping boilers clean. 
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As USED IN THE ELECTRICAL oR MILLWRIGHTING DE- 
PARTMENT AND FOR MEN OPERATING SMALL PLANTS 


RDINARILY a motor belt drive, intelligently 
planned, gives long and satisfactory service, with 

no attention except to keep the leather from drying out 
and one or two belt shortenings when the belt is new. 

When conditions change, such as increase of load, 
speed or output of the driven machine, you must make 
changes in the belt drive to meet the new conditions. 

Possibly a too small pulley drives a large one, on 
short centers with a violently fluctuating load exhibiting 
extreme peaks; possibly a motor is operating with pulley 
considerably smaller than the minimum diameter speci- 
fied by the manufacturer of the motor, hence develops 
bearing trouble; belt speed may have to be increased; 
the motor may run too hot; belt life may seem too short; 
the belt drive must be changed to adapt it for these con- 
ditions as they arise. 

THE BELT FoR THE DRIVE 

A belt which will carry 10 hp. may not be suited for 
a 10 hp. motor. Fully one-half of the belted motor ap- 
plications in industry require a heavier belt for starting 
than for satisfactory running. Practically all three- 
phase, a.c. motors which start on the line and many d.c. 
motors, develop from one-third to one-half more belt 
pull at starting than when operating at full rated load. 
Wound-rotor motors sometimes and high-slip, line-start 
motors (high resistance rotor motors) always, develop 
twice normal full load belt pull at starting 

When a.c. line-start motors reach about three-quart- 
ers full speed, or when compensator-start motors are 
thrown over onto the line before they rise much above 
three-quarters full speed, the belt pull rises to double full 
load for a time,—a short time with an easy starting load 


which comes up to speed quickly, a longer time for a 
slow starting load. 

Belt pull during starting is determined by the mo- 
tor without reference to the requirements of the load. 
Any torque available, in excess of that necessary to over- 
come starting resistance is used in hustling the load up 
to speed more quickly. A belt which will carry an ex- 
cessive pull momentarily on an easy starting load, will 
frequently come off, if the same pull persists for several 
seconds on a load which takes longer to start. 

We may overload a belt while starting a load, for we 
can: then tolerate considerable slip. But, after it is up 
to speed, what is the maximum belt pull likely to be? 
This is a hard question to answer, as it depends upon 
the type of driven load. We can, however, set an out- 
side limit. 

For loads having high momentary power peaks, such 
as a drill press when the drill breaks through or on a 
small group of say three machines, which may occasion- 
ally work into step,—on such loads, when confronted 
with momentary demand for maximum power, most 
motors will deliver double normal full load belt pull. 
Some high-speed motors and high-slip motors will de- 
liver 21% times full load pull. 


To IncREASE DrivE PowER 


If the capacity of a drive, planned with motor manu- 
facturer’s standard pulleys must be increased because of 
extreme load peaks or for any other reason, what can 
we do? A number of expedients will help in such cases: 

1, Putting on paper pulleys, if old ones are of wood 
or metal. 2. Securing higher belt speed by means of 
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larger diameter pulleys. 3. Using a pivoted motor base. 
4. Using gravity idler drives. 5. Putting on a wider 
belt, if the bearings will stand the extra belt pull with 
a wider belt to carry additional load. 

Occasionally, when conditions are particularly un- 
favorable, two or three of these expedients must be em- 
ployed in order to get a satisfactory drive. Two or three 
are all that are possible in any one case. : 


PapeR PULLEYS 


Where the smaller pulley of the drive is not paper, 
an increase of 25 per cent in drive capacity may be ob- 
tained by installing a paper pulley. Since all motor 
manufacturers furnish paper pulleys, they are generally 
used on the motor but we sometimes lose sight of the fact 
that in speed-up drives the driven pulley is the smaller 
and should also be paper. Even on drives where the 


driven pulley is the larger, a worth-while improvement 
in capacity and a decrease in slip may be obtained by 





PIVOTED MOTOR BASE AND GRAVITY 
IDLER DRIVES 


FIG. 2. 


substituting a split paper driven pulley, where the 

driven pulley is not more than three times as large as 

the driver. ; 
HicHER BELT SPEED 


The faster a belt is run, up to 5000 to 6000 ft. per 


min., the more horsepower it will carry but above 4500 


ft. per min. the gain in horsepower is rather small. 

Except for medium and large 1750-r.p.m. motors 
and large 1140-r.p.m. motors, manufacturers’ standard 
pulleys give belt speeds decidedly below 4500 ft. per 
min., hence, in many eases it is possible to increase the 
horsepower capacity of an existing drive materially by 
increasing the belt speed without exceeding 4500 ft. per 
min. The cost of two pulleys and a slight increase in belt 
length is moderate. Substantial increases in drive ca- 
pacity are thus easily obtained with no increase in belt 
width, belt tension, or motor-bearing loads. 

On smaller sizes of motors, you can increase the belt 
speed more than is ever required ; on medium sizes, oper- 
ating at less than 1800 r.p.m., the belt speed can be 
increased enough for ordinary trouble jobs. 

Where the drives carries the load satisfactorily but 
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the motor bearings heat dangerously, by substantially 
increasing the belt speed, a narrower belt may be used, 
or the old belt run slack and the bearings greatly 
relieved. 

Wherever the motor pulleys in service are smaller 
than the sizes tabulated herewith, higher belt speed 
should be considered first of all when relief is desired 
for an overloaded drive. Motor speeds and pulley diam- 
eters given correspond to 4500 ft. per min. belt speed: 
Motor Speed, r.p.m. 1750 1140 850 690 570 
Motor Pulley Diam. in. 9.75 15 20 25 30 

In some cases, for instance on a large 1800-r.p.m. 
motor where the belt runs at 4500 ft. per min. or more 
already, you cannot increase the belt speed. It may be 
impossible to increase the large pulley size because of 
interference with ceiling, floor or the frame of the driven 
machine. 

Wiper BE.Ts 


‘‘Let’s put on a wider belt.’’ This is ordinarily the 
solution which comes to mind when a belt drive operated 
at reasonable tension will not start the load or fails to 
carry the extreme load fluctuations. 

With motor belts this ordinarily is not the best solu- 
tion for the problem. 

Many plants try to keep ail motors of a given horse- 
power capacity to one speed, so as to simplify the stock- 
ing of spare motors for use in case of motor breakdown. 
In fitting the shop standard-speed of motor to individu- 
ally-driven machines, cases arise where a wider belt 
than standard must be used. Perhaps the diameter of 
the driven pulley is fixed, as for a compressor or a punch 
press flywheel, in which case the motor pulley must be 
somewhat smaller than the standard for that motor. 
Here more belt is needed because of lower belt speed. 
If you can use a motor pulley that is no smaller than 
the motor manufacturers’ standard diameter, by means 
of any reasonable expedient, it is the thing to do. 

Most troubles from motor drives result from using 
motor pulleys smaller than the standard. With a smaller 
pulley, belt life is shortened. By using special, extra- 
flexible belting you can avoid this, at least in part, if 
the pulley is not too small. If the pulley diameter is to 
be decreased, the belt must be wider and in about the 
same proportion. As this is ordinarily expressed, the 
product of pulley diameter and face width should be 
kept the same as for the standard motor pulley. If this 
cannot be done, then a pivoted motor base or gravity 
idler is generally advisable. 

With a wider belt, the load on the motor bearing will 
be greater than normal, bearing life shorter and bearing 
operating temperature higher than normal. 

Ordinarily, some allowance is made in the design of 
motor bearings for over-tightening of belts. All motor 
manufacturers will furnish data showing the widest 
belt and the corresponding smallest pulley which any 
given frame, operated at any given speed, will stand 
without dangerously overloading bearings. It is worth 
while for the plant engineer to provide himself with 
these data covering all lines of motors which he is using. 
In the absence of such data for a particular motor, a 
few general suggestions may be helpful. 

With the exception of motors built more than 20 
or 25 yr. ago and of motors built by two manufacturers 
whose product was always characterized by particularly 
rugged bearings, few 1750-r.p.m. sleeve-bearing motors 
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above 25 hp. will stand any increase in belt width at 
all. This is likewise true of 1140-r.p.m. motors of 50 hp. 
and above. Almost all 20 and 25-hp., 1750-r.p.m. mo- 
tors; 30, 35, and 40-hp., 1140-r.p.m. motors; and 40 to 
100-hp., 850-r.p.m. motors will stand at least 20 per 
cent increase in belt width, some 30 per cent or more. 
Smaller motors, say up to 10 hp. will generally stand 
belts 30 per cent wider than standard; many will stand 
40, some 50 per cent, the latter particularly in sizes 
5 hp. and below. 

As to exceptions in the ease of sleeve bearing mo- 
tors, if the bearings with tight standard belts run very 
hot, wider belts are not to be thought of; if hot, only 
10 per cent wider, or 20 per cent, if a pivoted motor 
base or gravity idler is also installed to reduce the chance 
of melting out a bearing by overtightening the belt. 


Router BEARINGS 


In the case of motors with ball bearings we have one 
expedient available which may save the day, at least in 
medium and small sizes of motors. Three makes of roller 
bearings are on the market, interchangeable in dimen- 
sions with standard ball bearings, which, within their 
speed limitations will carry about twice as much load as 
standard ball bearings of the same dimensions. These 
bearings will carry no thrust loads. 

Where the speeds are not too high relative to the 
shaft diameter, that is, in medium and small sizes of 
motors, any reasonable increase in belt width is per- 
missible when using these roller bearings in the pulley- 
end bearing and deep groove ball bearings in the front 
end to take the thrust. This permits belts 50 per cent 
wider than standard in almost all cases of 15 hp. or be- 
low and beits almost double standard width in small 
motors, particularly with the use of pivoted motor base 
or gravity idler. 


Pivotep Motor BAsE AND Gravity IDLER 


For short centers, combined with a considerable dif- 
ference in pulley size, some special drive is almost a 
necessity. 

A belt does all its work on the tight side but a con- 
siderable pull must always be on the slack side to make 
the belt grip the pulley and prevent slippage. With an 
ordinary belt drive, as the load comes on, the tight side 
stretches and passes extra length around into the slack 
side. Finally, as the load increases, the slack side may 
become so loose that the belt slips excessively. This is 
the extreme overload limit for the drive. To keep the 
capacity for occasional overload high, it is necessary to 
operate both slack side and tight side much tighter than 
is necessary to carry normal loads. 

It is usual to tighten the belt for stretch more than 
necessary so that retightening will be avoided for some 
time. Both pivoted motor base and the gravity idler 
drive greatly reduce, in most eases, the pulls on both 
tight and slack sides of the belt, at all loads except ex- 
treme overloads, as they make it unnecessary to tighten 
the drive more than is needed for operating require- 
ments. The motion of the pivoted base or the gravity 
idler takes up the stretch. 

With a gravity idler or pivoted base properly ad- 
justed, a motor may carry heavier intermittent loads 
than with an ordinary drive without overheating motor 
bearings, for the load on the motor bearings will be de- 
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ereased during periods of light and normal load. Dur- 
ing swings of abnormal load, the bearing pressures will 
approach those of an ordinary open drive but such 
periods are too brief to overheat the bearings. Simi- 
larly, belts last longer, if they are strained to carry 
extreme loads only during occasional swings of overload 
and run looser the remainder of the time. 

On such a drive, properly adjusted, it is safe to use 
a belt slightly wider than could be used on the same 


. motor with an ordinary drive. This is a lifesaver when 


pulleys smaller than standard are necessary on fairly 
high-speed motors. Note the words ‘‘ properly adjusted’’ 
in the statement above. Some manufacturers of gravity 
idler drives send out a liberal supply of weights with 
the drive and leave it to the customer to determine the 
number and position of weights to be used. This will be 
fatal in a case where the motor bearings run very hot, 
unless the customer determines, on starting the job, the 
minimum weight required to carry the heaviest load 
fluctuations and uses no more. 

As to the relative merits of the pivoted motor base 
drive and the gravity idler drive, the pivoted base drive 
is ordinarily supplied with a high-capacity, oak-tan belt, 
foreground, Fig. 2. For comparison consider the per- 
formance of the idler drive, background, Fig. 2, when 
operated with a similar belt. 

Belt creep and slip within the capacity of the drive, 
are, for both the pivoted motor base drive and the grav- 
ity idler drive, so low as to be practically negligible, 
being normally less than 1 per cent. 

The idler drive will carry somewhat more load with 
the same belt stress, motor bearing load and heating of 
motor bearings because, with the idler drive, the belt is 
ordinarily in contact with decidedly more than half the 
motor pulley surface while, with the pivoted base drive, 
the opposite is the case. Where the driven pulley is four 
times the diameter of the motor pulley and the center 
distance is short, or where the pulley diameter ratio is 
six with longer center distance, the gravity idler will 
earry decidedly more load than the pivoted motor base 
drive and is the drive to use, if maximum capacity is 
the determining factor. Where the pulleys are more 
nearly the same size, the idler drive shows less advan- 
tage in extreme capacity. 

Where the pulley ratio is within reason and the 
maximum capacity from a given width of belt is not 
absolutely needed, the pivoted motor base drive has de- 
cided advantages. The gravity idler drive produces a 
severe reverse bend in the belt which greatly reduces 
belt life. It is much more severe treatment for a double 
belt to be reverse bent around a 6 or 8-in. roller as it 
leaves a 12-in. driving pulley, than to be run on a 6 or 
8-in. driving pulley without reverse bending. The idler 
drive has the further disadvantage that on short center 
drives there is a considerable change, 30 to 50 per cent 
within the usual operating range of roller position, in 
slack side tension with moderate belt stretch. Since 
the exact roller position is a matter of the judgment of 
the operator and frequency of adjustment, some 20 to 
30 per cent, allowance must be made in determining the 
idler weighting for a given peak capacity. 

Efficiency of the gravity idler drive is slightly less 
than for the pivoted base drive, for there is some roller 
friction and roller windage; also a slightly longer belt 
is required, thus increasing belt windage losses. The 
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pivoted base adds no complications, nothing more to oil, 
to throw oil or grease, or to wear out. 

If the above suggestions are followed such a thing as 
trouble with a flat leather motor-drive belt should sel- 
dom happen. Leather belt power transmission, when 
properly used, combines long life, low maintenance cost 
and dependability with a high sustained efficiency at 
average operating loads. 


Secondary Electric Distribu- 


tion Systems 


UCH DISTRIBUTION is usually at 550, 440 or 220 

v. for three-phase currents, the lighting being single- 
phase on 115 or 230 v. at the substation. If lighting 
load is large, a 3-phase system with 3-wire circuits at 
115 and 280 v. or with 4-wire circuits at 120 and 208 v. 
may give better balance of load on the phases. 

For step-down of a.c. transmission voltage and for 
motor-generator transformation for d.c. supply, a sub- 
station should be located near the load center, the sec- 
ondary system spreading from this, either in radial 
feeders, two sets in parallel, or as a loop, to give alter- 
nate methods of supplying current to each department. 


Supstation Layout 


Equipment in the substation should include, besides 
the transformers and motor-generators, protection for 
incoming and outgoing feeders, instruments to indicate 
and record total and distributed load and switches which 
are able to handle such short circuit current as may 
arise. If automatic or semi-automatic operation is 
planned, circuit breakers should be electrically oper- 
ated; for manual operation, their expense is seldom 
justified. 

Transformers, single or polyphase depending on load, 
cost, and space requirements, should have capacity such 
that, if one fails, the load can be carried on those still 
in service. For usual capacities, the oil-immersed, self- 
cooling type is used, forced draft and water cooling 
being advisable only for large sizes. Protection involves 
temperature bell alarm, over-current and differential 
relays to operate oil-immersed circuit breakers. 

Except for lighting, close voltage regulation is sel- 
dom necessary and where essential may be had by using 
automatic induction regulators. These may be in the 
primary or the secondary circuits but, if feeder lengths 
differ greatly, each feeder will need its individual 
regulator. 

Where a motor is of size to interfere with voltage 
regulation on a feeder, it should have special connection 
to the primary system. 

For switchboards, completely-assembled, steel-unit 
panels are generally better made and more economical 
than those built up locally. Standardized types of 
switches and instruments are mounted on panels ready 
to set in place and connect. 

Location of transformers should be such as to make 
connection and replacement easy. For the air-blast 
type, setting over an air pressure chamber permits 
bringing connections through that chamber and auto- 
matic regulation of air pressure. For oil insulated 
transformers, provision for convenient replacement and 
purification of the oil should be made in designing the 
station layout. 
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Typical arrangement would be with primary switch- 
ing on one side of the station, transformers and motor- 
generators in the center and distributing boards and 
control on the opposite side. 

Good lighting, ventilation, fire prevention and 
grounding of equipment are essential. High-voltage 
switching and transformers may often be placed out- 
doors to good advantage. 


DistRIBuTION LINES 


Overhead lines are less expensive and usually pre- 
ferred unless tunnels or ducts are to be provided for 
other services or the pole lines are objectionable. Poles, 
of height to give the desired clearance above ground 
and buildings are spaced 100 to 125 ft. apart. The butts 
up to 2 ft. above ground, or for yellow pine the whole 
pole should be impregnated with creosote; for locations 
where decay is particularly imminent, concrete bases 
may be desirable with iron clamps to support the poles. 

Up to 5000 v., weatherproof insulated conductors 
are suitable, well separated to avoid contact and mount- 
ed on substantial cross arms and insulators. For taps, 
jumpers and locations where workers might contact the 
wires, extra insulation is desirable. 

Wire should be of size to give mechanical strength 
as well as electrical conductivity, allowance being made 
for sleet loading. 

Where lines enter buildings or connect to under- 
ground systems, lightning protection should be provided 
for carrying off electrostatic charges. Direct lightning 
stroke cannot be fully safeguarded but, where lightning 
is frequent, a ground wire above the conductors will 
lessen the danger. 

For underground lines, ducts of impregnated wood, 
fiber, or tile, surrounded by concrete are used, depend- 
ing on the permanence desired as against cost of con- 
struction. Concrete or brick manholes, of ample size 
for installation and maintenance of cables, should have 
eyebolts opposite duct ends for pulling in and racks on 
the sides for cable support. Good drainage and ventila- 
tion are important. 

Cables with paper or varnished cambric insulation, 
covered with lead sheath are used or, for lower cost on 
lines up to 7500-v., rubber insulation, lapped tape, 
asbestos filler and sheath and covering of asbestos filler 
and braid saturated with fire and moisture resisting com- 
pound. More care is needed when installing the last 
mentioned to avoid injuring the protective covering. 

For temporary use or frost-free locations, lead-cov- 
ered cables may be laid in shallow trenches, or on the 
surface covered with stone or plank. It is well to have 
a steel armor outside the lead to prevent injury by 
stray rodents. Subway type transformers and cutouts 
with covers are then buried directly in the earth, the 
tops flush with grade. 


BEST OPERATION of a combined hydro and steam 
electric system is generally by operating the hydro plant 
at the point of maximum efficiency during low-water 
periods and at maximum output for high-water. At low 
flow, hydro plants are held for instant use in emergen- 
cies due to steam plant shut down and water is stored 
for such use, the hydro capacity being otherwise used 
to largest available capacity consistent with keeping 
best load factor on the steam -plants—F. A. ALLMER, 
before International Electrical Congress. 
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Commercial Refrigerants and Their Properties 


_ Wwe ApPLicATION oF REFRIGERATION IN Over 200 INpustrigs Has LED to DEVEL- 


OPMENT OF Many REFRIGERANTS TO MEET NEEDS. 


OMEWHAT OVER 200 different industries use re- 

frigeration which is perhaps one of the reasons why 
the refrigerator industry is one of the most rapidly 
growing in this country. Nearly every branch of the 
food industry uses it and it is also found necessary in 
photography, printing, baking, textile manufacturing, 
air conditioning, and airplane manufacture, to mention 


_. only a few. 


The ordinary refrigeration cycle is performed in 
three major pieces of equipment: the evaporator, the 
compressor and the condenser. In these three pieces of 
equipment a refrigerant of some kind is alternately 
liquefied and vaporized. For commercial plants, am- 
monia is almost universally used. For plants where 
safety in case of escape of refrigerant must be pro- 
vided for, carbon dioxide is in use. With carbon dioxide 
the power requirements are greater than for any other 
refrigerant. 


SuLpHurR D10xIDE 

Next most commonly used refrigerant is sulphur 
dioxide. It is easy to obtain and fairly cheap. It has 
the advantage of being noninflammable since it is a 
product of combustion. At atmospheric pressure it 
boils at 14 deg. F. so in operation it is practically al- 
ways under pressure and there is not much tendency 
for air to get into the system. It is necessary that mois- 
ture be kept out since H,O with SO, forms H,SO, (sul- 
phurous acid) which causes rapid corrosion. Copper 
tubing and fittings are not as easily attacked as steel 
and are commonly used. It acts as a lubricant itself 
to a certain extent. The lubricating oil used should be 
free of water. It is its own irritant in case of leakage. 


MetTHyYL CHLORIDE 

Methyl chloride, CH,Cl is used in several machines. 
The pressures are somewhat higher than those obtained 
with sulphur dioxide. At atmospheric pressure it boils 
at 10 deg. F. below zero. It has no corrosive effect on 
metals. It is classed as inflammable but the range of 
mixtures which are explosive is rather narrow. In large 
quantities it acts like an anaesthetic. Some trouble was 
experienced in Chicago a few years ago. In a multiple 
unit system a leak developed and the occupants of an 
apartment were suffocated. It happened that methyl 
chloride was the refrigerant used. This circumstance 
led to some exhaustive tests by the Bureau of Mines. 

Acrolien was mixed with methyl chloride in the pro- 
portions 0.9 per cent by volume of acrolien. It was 
found that the acrolien was thoroughly diffused through 
the methyl chloride, both liquid and gaseous. The re- 
sults were: ‘‘Exposure to one part of acrolien vapor 
in a million parts of air produces marked irritation of 
the eyes and nose in five minutes or less. By using this 
as a criterion of the amount necessary to give warning, 
leakage from the units would be readily detectable when 


*Professor of Heat Engineering, Oregon State Agricultural Col- 

lege, Corvallis, Ore. From a complete paper Recent Develop- 

mente 2 fot iseration presented before the Oregon Section of 
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By Wauuace H. Martin* 


the methyl chloride concentration in air was 0.04 to 
0.08 per cent by volume. 


OTHER CHLORIDES 


Ethyl chloride, C,H,Cl boils at atmospheric pressure 
at 55 deg. F. When used as a refrigerant it operates 
at a partial vacuum and there is a tendency for air to 
get into the system. Its other characteristics are much 
the same as methyl chloride except that it requires more 
displacement. It is not very generally used. One com- 
pany uses three refrigerants, all chlorides: dichloro- 
ethylene (dieline, C,H,Cl,); trichloroethylene (triline, 
C,HCl,); dichloromethane (carrene, CH,Cl,). 

They all operate at pressures less than atmospheric 
on both high and low sides, require large displacements 
and lend themselves well to centrifugal compression. 


HYDROCARBONS 


Several hydrocarbons have been proposed as re- 
frigerants. The principal objection to their use is their 
inflammability. 

A new refrigerant was announced about 2 yr. ago. 
It is known as dichloro-difluoro-methane, CCl,F, or com- 
mercially as F-12. It has many characteristics which 
make it very desirable as a refrigerant. The Bureau 
of Mines made an exhaustive series of tests in which 
guinea pigs, dogs and monkeys were exposed for 7 hr. 
a day for 60 da. in an atmosphere containing 20 per 
cent of the refrigerant. 

The conclusion is stated in the Bureau report as fol- 
lows: ‘‘Insofar as the results of animal experimentation 
serve as a measure of hazards to persons, the investiga- 
tion described in this report has shown that the possi- 
bility of public health and accident hazards resulting 
from exposure to dichloro-difluoro-methane where used 
as a refrigerant are remote.’’ 

A comparison on the standard ton basis shows the 
discharge temperature of F-12 to be appreciably lower 
than that of other refrigerants. The power requirements 
are practically the same as for ammonia, sulphur di- 
oxide, or methyl chloride, while the displacement is less 
than for any of these except ammonia. In all ordinary 
applications the pressure is greater than atmospheric. 


Smica Gen 


Silica gel, or silicon oxide, has recently entered the 
refrigeration industry. In appearance it is like white 
sand. The size of the particles varies between 8 and 
20 mesh and the percentage of voids is about 50. The 
particles are porous but the pores are so small as to be 
invisible even with the microscope. The result is an 
enormous surface area. It is used as an adsorbent in 
connection with SO, as the refrigerant. As the SO, 
vapor comes from the evaporator it is adsorbed by the 
silica gel. The process is primarily a surface concen- 
tration of the SO, on the silica gel particles and in the 
pores. The amount that can be adsorbed under normal 
operation is from 25 per cent to 35 per cent by weight. 
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Cooperation Between 
Private Plants and 
the Utilities 


Consulting Engineer 


7 
O. H. HENSCHEL Milwaukee, Wis. 


ONTINUING OUR consideration of power costs in 

a furniture factory, we will now analyze the steam 
requirements for the plan involving full generation of 
electricity. From the previous article, it may be re- 
called that a turbine generating unit of 125-kv-a. rating 
was decided upon. From manufacturers’ data it was 
found that with a unit of 125-kv-a. rating a water rate 
of 66 lb. per kw. hr. might be expected. 

Accordingly, then, employing the 28-mo. period of 
average electric energy requirements, the average re- 
quired monthly steam generation is easily figured. 
Taking the average required kilowatt consumption for 
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both boiler and turbine room equipment. We then could 
expect to have with full electric energy Bensrpticn. 


Operating Gharges.. fess 6. ce Ce LTA nil 
Fixed Charges 

Taherent at SE wer WOR. sis oe ike ke ows oe $ 483.00 

Bldg. depreciation at 2 per cent............. 40.00 

Equipment depreciation. at 10 per cent....... 605.00 


Taxes and insurance at 4 per cent........... 


Total annual operating 
Ce I a Fos kee crane nthe cas $1,450.00 
Summarizing, then, we find that under conditions 
specified and as apparently existing, attempting to 
generate all of the electric energy requirements would 
result in the following yearly costs. 


Steam generation costs.............e.e000% $ 9,908.74 


Operating and fixed charges in gen. equip.... 1,450.00 


4 $11,358.74 

This analysis, however, cannot be concluded at this 
point, for the following reason: During the winter or 
heating months, it appears that the exhaust from the 
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FIG. 1. COMPARISON 
OF, FULL ELECTRIC 
ENERGY STEAM RE- 
QUIREMENTS TO EX- 
ISTING OR PARTIAL 
ELECTRIC ENERGY 
GENERATION RE- 
QUIREMENTS 
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each month, multiplying this figure by 66 lb. (the 
turbine water rate) and totaling the results, we find 
the total annual steam consumption to be 18,391,400 lb. 

Knowing the cost of steam ($0.74 per 1000 lb.), the 
monthly and annual cost of this steam is also arrived 
at. In this case, the total cost for the steam for the year 
was found to be $9,908.74. 


EQuIPMENT AND EstIMATED Costs 

In order to be ultra conservative in considering this 
phase of the problem and because of the fact that such 
units in excellent operating condition may be readily 
obtained at the present time, account was taken only 
of the cost of a good used generating set. Accordingly, 
then, the apparent estimated cost of equipment required 
for full electric energy generation was found to be 


TO as iets » sna eknvin ones caves ane $2,000.00 
(1) 125-kv-a., 220-v., 3-phase, 60-cycle tur. gen. 2,250.00 
Switehhboard aud WIIG. 60:6. csccdcccnceec 1,500.00 
PRONE MA. hive us xavaveakeevesads wad eeee 2,300.00 

Ds oie. 0b 0k dRbbeRadk ORE $8,050.00 


Except for lubricants, ete., the operating costs would 
- prove to be practically nil, this primarily for the reason 
that one man should ordinarily be able to care for 
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QUIREMENTS 
& PROCESS 


WINTER MONTHS IF ALL 


WAS TO BE GENERATED 


MAY JUNE JULY 


generating units would prove to be not sufficient to meet 

heating and process demands. As a result, it would 

apparently become necessary to add considerable live 

steam to the heating system each winter. 
Comparison reveals the following. 


Apparent 
Generat- Apparent amount 


Heating and ing unit of steam required 

Process require- to be added to 

Steam Re- ments— system during 

quirements thou- winter months— 

—thousands sandsof thousands of 

Month of pounds pounds pounds 

January ...... ee ey US er 1,564.3 

February ..... BBE: obs ccave PMBORO wesc cc 8 1,235.8 

NEARCN? fos. occ WSHONL: Grovsvcrerowre /  : Saanrare 439.9 

pee ee REE. ss nv ckis om fhe 120.0 
Me ES | See ie wrens 
Pe cc ae SP pt) Ree 
See ee eee ST Se ney 
August .....: WOE Sicoaewwss ae 
Benteiber .... G82. 5.6. c08 | | Sere 
October ...... aie > =» Teempeen 

November ....208GB.icsccces DEO ss veins ee 179.8 

December ....2, "452. Beers cus ve | ‘267. Biwi de a 1,185.1 

TOE sxc acenstsabes seas bevesne reese e sta 4,724.9 














It was evident, therefore, that with full electric 
energy generation an additional 4,724,900 lb. of live 
steam would have to be supplied to the heating system 


in addition to the exhaust. From a financial stand- 
point, this would result in an added cost of— 
Steam added Cost of 
to system— Steam 
thousands added to 
Month of lb system 
MEE nina s wakaenne 6 69 | ae $1,157.58 
PRPC Cee Cte, esc ea AA 914.49 
INNIS ar ae eras ae GID. s oe ins wae 325.53 
6s 2a Veen e wknd 10.) 0 Aiea emer 88.80 
DT oa ccceiwnceeuteswa = = Waawawaneesa 
"| 1 eee pias ee cence tam irre mmaaay SIR ere Ses Ie Ve 2 


OF STEAM TO 8 
HEATING SYSTEMS OURING WINTER 
FULL 


oF — PRACTICALL 
TO THAT OF PARTIAL ELECTRIC 
ENERGY 


COST-DOLLARS 


ATMOSPHERE 
MONTHS IF FULL 
GENERATION BE 


eee e rere eee eee ee ee = =—=—=—=—=—=—t eee eee eee ee 


September ............. 
October 
November 
December 


TCHHKHH MEME Cee Cae) — (1) COME 4 EEE SES 


56 LAs $3,496.42 


Obviously, then, with full electric energy generation 
the costs would be 


Total apparent cost with full 
electric energy generation...... $11,358.74 
3,496.42 
$14,855.16 
I eee eae uk ad meas 15,498.34 
Apparent annual gain to be ex- 
pected by full electric energy 
Es iiss kacite ds Que « eee « anenits 0 $ 643.18 


In Figs. 1 and 2 are shown charts illustrating the 
preceding discussion graphically. 


PartiAL EvEctric ENERGY GENERATION 
AND Its ProBaBLE Cost 


A scheme being satisfactorily employed today to 
great advantage in many industrial plants is that of 
partial generation whereby a portion of the power 
requirements are purchased and the balance locally 
generated, the amount generated being dependent upon 
the demand for exhaust steam. 

With such a scheme, ‘the apparent estimated amount 
of steam available for electric energy generation and 
the apparent estimated amount of electric energy avail- 
able for use would in the case under consideration 
appear to be as follows. 
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Apparent est. 
amt. steam Apparent est. 
available for amount of 
electric energy electric energy 


Apparent steam 
requirements 
for heating 


Month | and process generation available 
January ..... 2,967,546 Ib... 621,835 Ib... 9,421 kw-hr. 
February ....2,423,867 lb... 979,604 lb.. .14,842 kw-hr. 
Marek: ...... 1,476,123 lb... 676,620 lb... 10,252 kw-hr. 
tee 1,044,058 Ib.. .1,044,058 lb.. .15,819 kw-hr. 
BE Gnknwaies 652,662 lb... 652,662 lb... 9,880 kw-hr. 
, ee 451,193 Ib... 451,193 lb... 6,830 kw-hr. 
SN ota caghe 346,706 Ib... 346,706 lb... 5,250 kw-hr. 
August ...... 289,713 lb... 289,713 1b... 4,390 kw-hr. 
September ... 413,197 1b... 413,197 1b... 6,260 kw-hr. 
October ..... 769,894 lb... 769,894 lb.. .11,660 kw-hr. 
November ...1,618,605 lb... 819,102 lb.. .12,410 kw-hr. 
December ....2,452,363 lb... 561,657 lb... 8,510 kw-hr. 


FIG. 2. COMPARISON 
OF STEAM COSTS EX- 
ISTING OR PARTIAL 
ELECTRIC ENERGY 
GENERATION VS. 
FULL ELECTRIC EN- 
ERGY GENERATION 


COMPARISON OF STEAM 
EXISTING OR PARTIAL 
vS . FULL 
ENERGY 


From the foregoing it is now possible to determine 
the amount of electric energy which would apparently 
be required to be purchased, in addition to that gener- 
ated. 


Apparent amt. 
electric energy 
to be purchased 
under the 
partial genera- 


Apparent amt. 
electric energy 
capable of 
being gener- 


Month ated as above tion scheme 
6 re 9,421 kw-hr.......... 5,779 kw-hr. 
February ........ 14,842 kw-hr.......... 3,158 kw-hr. 
ee ry ree 10,252 kw-hr.......... 5,448 kw-hr 
GE etka wincnk si 14,000 kw-hr.......... 0,000 kw-hr 
MR chp era sake pe 8 | ne 3,820 kw-hr. 
PT iis sla niaae 6,830 kw-hr.......... 10,570 kw-hr. 
ye ee 5,200 kw-hbr.......... 9,950 kw-hr. 
BRE cas Gh 4,390 kw-hr.......... 11,610 kw-hr. 
September ....... 6,260 kw-hr.......... 11,540 kw-hr. 
Oetober ....2.03- 11,660 kw-br.......... 7,240 kw-hr. 
November ........ 12,410 kw-hr.......... 9,390 kw-hr. 
December ........ 8,510 kw-hr.......... 10,690 kw-hr. 

This comparison is also presented graphically in 
Fig. 3. 


Based upon the average existing cost of 2.3¢ per 
kw-hr., the cost of the electric energy required to be 
purchased in addition to that being generated was 
found to be $2,055.49. 


REQUIRED EQuiIPMENT AND Its Cost 


From preceding data, the expected average daily 
and hourly generation was found to be as follows. 


Av. daily amt. 
of electric 
energy to be 
generated— 


Av. hourly 
amounts of 
electric energ 


based on 26 to be generated, 
working day based on 8-hr. 
Month mo. working day 
PEE 8o.6 hides as 323.9 kw-hr............ 40.5 kw 
Pebeuaey a. bi. sis 570.9 kw-hr............ 71.3 kw 
Mamet 1in8 . kia Sees 394.3 kw-hr.........0.- 49.2 kw. 
BE a cect teneeeten 2 SOM ee 
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TAD. viiccunvcaeeeans 380.0 kw-hr...... 0.006% 47.5 kw. 
OS éiskoxnraaas cree , S| ae 32.8 kw. 
PS - suricurtendeseonen | errr ee 25.2 kw. 
ME ohn ck cdectvusen | aes 21.1 kw. 
September ......5..%- ks | er 30.0 kw. 
ORMObET Sis hic. eke ANG EWEN. 653s eon 56.0 kw. 
Mowmmber. 24.66.5048 ie) | Se 59.6 kw. 
ae ih) S| are 40.9 kw. 


This would thus indicate apparent hourly demands 
ranging from a minimum of 21.1 kw. to a maximum 
of 71.3 kw. But peaks must be provided for. Accord- 


COST-DOLLARS 


COST OF 
FIG. 3. GENERATED meoNOEr 
AND PURCHASED 
ELECTRIC ENERGY 
REQUIREMENTS UN- 
DER PARTIAL GEN- 
ERATION SCHEME. 
ALSO COST OF ELEC- 
TRIC ENERGY SO 
PURCHASED 


UNDER 
ERATION SCHEME 


KILOWATT HOURS 


ingly, then, we should tend to select a unit of, let us 
say, 6214 kv-a. rating. 

Naturally, such a unit could well, at least momen- 
tarily, be made to carry 25 per cent overload and should 
such overload at any time prove to become in excess 
of 25 per cent of the unit’s rating more energy might 
for the time being be drawn from the utility company’s 
lines. 

In order to determine fixed and operating charges, 
we may accept the following as an estimate of cost 
equipment required. 


Ce no $2,000.00 
(1) 621% kv-a., 220-v., 3-phase, 60-cycle, turbo- 
Se ert Ter errr mre: 1,350.00 
Switchboard and wiring..........seseeseees 1,250.00 
eee rr Pe rr reer rer 1,800.00 
| OE here er $6,400.00 


As was the case in the presentation of the full genera- 
tion scheme, the operating charges, except as for in- 
stance oils and waste, would prove to be practically nil. 
As a consequence, it was possible to enumerate 


Operating GRAEGOE ... oo. 0sciverdeevesetedee nil 
Fixed charges 

Interest at 6 per C0nt.... oes. casviasscendacvnns $ 384.00 

Bldg. depreciation at 2 per cent............. 40.00 

Equipment depreciation at 10 per cent....... 440.00 

Taxes and insurance at 4 per cent........... 256.00 


Total annual operating 
elk Dee GOI. 5.6 cs noc nccinssverecesiet $1,120.00 


Again summarizing to determine the apparent an- 
-nual costs should the partial generation scheme be 
adopted, we may expect 
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Annual steam generating costs, apparently 
then would, or should remain practically as 


OF OAR $10,947.38 
Apparent cost of electric energy required to 
eS ee ee ee eee ee ee 2,055.49 
Fixed and operating charges on required 
Se ee eee 1,120.00 
Total apparent annual costs................ $14,122.87 


With results of findings now on hand, it is possible 
to summarize. 


GENERATED & ELECTRIC 
ENERGY UNDER 

PARTIAL GENERATION SCHEME. | 
ALSO Ce ENERGY 


SuMMARY 


(A) Annual existing combined steam and 
purchased electric energy costs amounting 
OF Saas pgs cated oeiase eewlaaeeeeerteeeed $15,498.34 


(B) To generate all electric energy require- 
ments the apparent average annual costs 


WO Ne 3 ha i SER EA eh es 14,855.16 
(C) While under the partial generation 
scheme apparent av. annual costs could be 
pte £6 B6i5.624 icc Tan $14,122.87 


Accordingly, then, interpretation reveals that 
(1) If all electric energy requirements be gen- 
erated apparent annual savings would amount 


 Vtles ces Heh ee tee $ 643.18 
(2) Under the partial generation scheme ap- 
parent annual average savings would be...... $1,375.47 


Obviously, then, there was found to be but one 
scheme advantageous to employ, namely that of gener- 
ating an amount of electric energy which would result 
in the delivery of an amount of low-pressure steam 
consistent with space heating and process requirements. 

All excess electric energy requirements, particularly 
during the non-heating months, are to be purchased 
from the local utility. 


Editor’s Note. This is the fourth and last of a series of articles 
on this subject by Mr. Henschel. The previous articles appeared 
in the Feb. 15, Mar. 15 and Apr. 15 issues respectively. 


TESTS HAVE shown that the interconnection of the 
primary lightning arrester ground to the grounded neu- 
tral of the secondary main, on a pole type distribution 
transformer, effects a considerable reduction in voltages 
at the transformer and imposes no extra hazard upon 
the consumers’ wiring. 
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Readers’ Conference 


Emergency Lighting in Power Plants 


WHEN EMERGENCY lights are needed at a substation 
or power house, there should be no limitation to their 
availability. The accompanying sketch shows a method 
of wiring a double throw switch which allows switching 
all lighting circuits at a substation from a 3-wire a.c. 
source to the 125 v. d.c. station control battery. 


LIGHTING PANEL 






3-WIRE 120-240V. AC CIRCUIT 


: 711 














OOUBLE THROW 
ENCLOSED SWITCH 
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2 WIRE 125 VOLT O.C.CIRCUIT 
FROM STORAGE BATTERY 


METHOD USED TO PROVIDE EMERGENCY LIGHTING IN 
PLANT 


This method of securing direct current lighting does 
not call for any duplicate lighting circuits, but when 
lights are needed for an emergency, they can be turned 
on exactly where needed. 

Operators are instructed to limit their illuminating 
requirements to necessary lights only when using the 
battery for lighting. 


Iron Mountain, Mich. L. W. Wyss. 


Stresses in Pipe Bends 


DETERMINATION OF STRESSES due to expansion in a 
right-angle bend is a simple matter with the use of the 
curves shown by Fig. 1. Knowing the total expansion 
of one of the elemenis, the reactions at the anchored end 
of this element are functions of its length. 

To illustrate the use of these curves assume: 


a= 125 in. 

b = 200 in. 

Coefficient of expansion = 1.96 in. per 100 ft. 

Pipe size = 6 in. of 600 lb. S.S. tubing. 

Modulus of elasticity, E — 29  10® lb/sq.in. 

Moment of inertia, I — 37 in.* 

Section modulus of pipe w = 11.15 in.® 
Then: 

b +a = 200 + 125 = 1.6. 
From curves: 

C, = 1.83; C, = 4.13; C, = 2.44. 

dx = (125 +12) & (1.96 + 100) — 0.204 in. 

dx E I = 0.204 X 29 x 10° X 37 = 2189 x 10° 
lb. in.® 

a? == 15,630 in? 

a® — 1953 10° in? 

X = (3 C, dx EI) + a® = (3 XK 1.83 X 2189 X 
10°) -— (1953 & 10°) = 617 Ib. 


= (3 C, dx EI) + a® = (3 K 4.13 X 2189 X 
10° — (1953 & 10°) — 1391 lb. 

M = (—3 C, dx EI) -+ a? = (—3 X 2.44 X 2189 x 
10°) -— (15,630) = —102,400 in. Ib. 

From this point, the moment diagram may be drawn 
and the stress determined at any point in the pipe line. 

Proper construction of the moment diagram depends 
upon the accurate location of the neutral axis of the pipe 
line. The neutral axis is a plane along which no moments 
whatsoever exist, hence it passes through the so-called 
elastic center of the pipe line. 

Referring to Fig. 2, the bend has been drawn to 
scale with the reaction forces drawn as vectors at the 
origin together with the resultant vector P — 1522 lb. 
The moment at any point in the pipe line is the alge- 
braic sum of the moment of —102,400 in. lb. already 
determined for the origin and a moment induced by the 
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FIG. 1. REACTIONS IN RIGHT-ANGLE BENDS 


resultant force P. The two act in opposite directions. 
The problem, then, is to determine the distance from 
the resultant force at which the force produces a bend- 
ing moment of + 102,400 in. lb. 

Thus: +102,400 — 1522 — + 67.3 in. 
A line drawn at a distance of +67.3 in. from the result- 
ant force and parallel to it will therefore accurately 
locate the neutral axis. If the distance AD is then 
designated as the moment at point A — —102,400 in. lb., 
then to the same scale the distance BE is the moment 
at point B and the distance CF is the moment of point C. 
Similarly the bending moment at any point in the pipe 
line may be scaled directly from the moment diagram. 

If the problem is to determine the maximum stress 
in the pipe line due to expansion, the maximum bending 
moment is, of course used. This value divided by the 
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FIG. 2. MOMENT DIAGRAM 


section modulus of the pipe section will give the maxi- 
mum stress desired. Thus, from Fig. 2, the maximum 
bending moment is at point A and is equal to —102,400 
in. lb. The section modulus of the pipe, w, is 11.15 in.® 
The maximum stress due to expansion therefore occurs 
at point A and is numerically equal to: 

S = M ~ w = 102,400 — 11.15 = 9,184 Ib. per sq. in. 
New York, N. Y. SAMUEL KAMEROS. 


Steam Purifiers 

In ENGLAND it has been found that the use of steam 
purifiers is to be recommended in all cases where boilers 
are operated at high rating. Experience has proved that 
even on the best laid out and operated plants carry over 
of impurities and moisture is always possible. Purifiers 
are always to be recommended where steam is supplied 
to turbines. 

Purifying the steam prior to reaching the super- 
heater is advisable. Under severe conditions where puri- 
fiers have not been used, I have known turbine cleaning 
to be necessary after from six to twelve weeks running. 
After purifiers were installed an inspection after six 
months showed no deposit. Frequency of blowing down 
is not affected as blowing down is necessary from the 
point of boiler operation as well as from the clean steam 
point of view. Blowing down should be performed as 
usual. 

Many forms of steam purifiers are provided with 
blow down drains and should be blown down and drained 
daily. The frequency of cleaning will depend on the 
condition of the steam. I have found the best way of 
cleaning to be to disconnect or shut off the steam main 
on either side, fill the purifier with a solution made in 
the proportions of one gallon water to one pound wash- 
ing soda and then boil this by delivering a supply of 
steam to the water. After one hour of this treatment 
blow the water down, and then blow the purifier through 
with steam. This will remove any impurities or deposit. 

The best way to determine the frequency of cleaning 
is to note the deposit removed at each cleaning and ad- 
just the frequency of cleaning so as to permit the accu- 


‘mulation of only a small amount of sludge and deposit. 


Herts, Eng. W. E. WARNER. 
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Boilers Should Be Tested Under Actual 
Working Stresses 

SoMETHING LIKE 20 yr. ago, in an engineering jour- 
nal that was well known at that time, I predicted that 
engineers would some day operate ‘‘rivetless boilers’’. 
A critic in one of the following issues of the same jour- 
nal ridiculed the idea. He as much as said that I should 
have my head examined—that rivetless boilers were 
totally impracticable. 

Of course every engineer now knows that the rivet- 
less boiler has been with us for some time, so I am 
feeling better. I am, however, not content with rest- 
ing on the laurels of that successful prediction—I 
hereby make another, as follows: 

My prediction is that boilers in the future will be 
tested under high pressure, at operating temperature, 
without the least danger to human attendants in the 
event of an explosion or rupture. 

Every engineer knows that the old cold water method 
of testing is not satisfactory and never has been. It 
should be eliminated as soon as possible. Boilers should 
be tested under actual operating pressures and tempera- 
tures. For instance, not so many years ago I was sent 
to witness some tests on pressure vessels which had been 
entirely welded. No rivets had been used in them at all. 
The vessels were about 314 ft. in diameter by 30 ft. long. 
In actual operation, they were subjected to a pressure 
of about 200 lb. per sq. in. alternating with a vacuum. 
When under pressure, the vessels were hot and when 
under vacuum they were cool. 

To perform. the tests, these vessels were filled with 
ordinary cold water out of the water mains which was 
pumped into them until a pressure of about 500 lb. per 
sq. in. was reached. There was no leakage. Then a 
strong young man was told to do some pounding with 
a sledge hammer here and there on the vessel. This 
pounding probably was supposed to duplicate the effect 
of heat. The man didn’t strike very hard but he did 
make considerable noise. The vessels didn’t leak. Upon 
completion, the tests were pronounced ‘‘successful’’. 

I must say that, to me, the performance bore a 
semblance of child’s play and I said so, but I was 
assured by this manufacturer that all pressure vessels 
which they made were tested in this way and that 
everybody else tested them in this same way. So far as 
I know, according to ‘‘specifications’’ which I see now 
and then, they are still being tested in the same old 
orthodox way. In other words, ‘‘the method was good 
enough for grandfather and so it’s still good enough 
for me.’’ 

Having done considerable consulting work for a con- 
cern that manufactures salts for heat treating purposes, 
I have a suggestion to make in this connection which I 
believe is constructive and practicable, to wit: instead 
of using cold water, use a hot salt solution. Use a salt 
which has a melting point slightly lower than the tem- 
perature under which the test should be made. As will 
be verified by any heat treating expert, we now have 
many commercial salts on the market which have vari- 
ous melting points. By filling the pressure vessel with 
the proper liquefied salt at a temperature of 500 deg., 
600 deg., 700 deg., 800 deg. or any other desired tem- 
perature, there would be no violent explosion in the 
event of a serious leak. There would be no explosion 
at all. The pressure and temperature of any boiler 




















could be duplicated perfectly under tests like these. In 
fact, the test pressure and temperature could both be 
higher than working temperature and pressure and 
even then there would not be the slightest danger in- 
volved. There would be no formation of gas or- steam. 
The only possible objection I can think of would be the 
greater cost of the test solution. This expense, however, 
would be no great burden to a manufacturer of boilers 
as he could use the same solution over and over. It 
would not spoil. There would be little loss or waste year 
after year. 

Going back to the improper cold method of testing, 
let me add that one of the vessels tested as described 
above didn’t last long in actual service. One of the 
seams opened and a bad ammonia leak resulted. There 
was no explosion but, anyway, it was soon decided by 
the owner to change over to another system and abandon 
the dangerous welded tanks. So you see rivetless pres- 
sure vessels do have their weak moments even after cold 
tests in which the testing pressure is more than twice 
the operating pressure. My contention is that it is ex- 
tremely important that boilers be properly tested under 
correct temperature conditions as well as pressure con- 
ditions. 
Newark, N. J. 


Cleaning Bent Tube Boilers 
IT IS GENERALLY accepted that it requires two men to 
operate one tube cleaner in bent tube boilers, one man 
inside of the drum directing the cleaner, another on the 
outside operating the air valve. For a number of years I 


W. F. ScHapHorst. 





SUPPORT FOR EXTENSION ROD 


have been operating tube cleaners in such boilers with 
one man per cleaner, in the following manner: 

A 34-in. air line is run along each side of the boiler, 
with outlets near the man holes of each drum in which a 
cleaner must operate. These outlets are blanked when 
not in use. A 34-in. quick opening lever type throttle 
valve is placed on this outlet. A 14-in. hole is drilled 
in the end of the lever, the valve being so located that 
the lever is directly in front of the man hole opening 
and can be operated by a rod through the manhole open- 
ing. This extension rod consists of a length of 14-in. 
pipe with a hook welded in one end. The hook fits in the 
%-in. hole in the end of the throttle lever. The 14-in. 
pipe extends inside of the drum for 1% of its length. A 
similar rig is placed on the opposite end of the drum, so 
that two cleaners can operate in a drum at the same 
time. 
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The extension rod is supported inside of the drum 
by one or more supports as shown in the sketch. The 
support consists of a tapered wooden plug about 7 in. 
long, fitting a tube end snugly when driven up half its 
length. The plug is then split through the center from 
end to end and 1 in. of material removed from each 
half. A piece of 14 in. flat iron about 9 in. long and 
slightly less in width than the inside tube diameter is 
wedged in place in a tube end by the two halves of the 
wooden plug. A second piece of flat iron 4 x 114 in. 
with guide holes for the 14 in. pipe is bolted to the end 
of the first piece. This is adjusted to a convenient posi- 
tion and made tight. 

This system works satisfactorily, and actually takes 
one-half as much time as operating a tube cleaner with 
the older method. 


Baltimore, Md. J. R. GRAvEs. 


Boiler Furnaces 

REcENT installations all tend toward one purpose, 
to secure as near complete combustion as possible before 
gases contact with the heating surfaces. Increased vol- 
ume permits burning high-volatile, low-priced coals at 
high temperature with little smoke and low gas velocity 
earries little fine coal up among the tubes. 

Where study shows room for improvement the cost 
of rebuilding a setting will vary, of course, with the 
size and type of installation but, for large power or 
small industrial boiler, cost of the changes will be repaid 
many times in savings due to improved results. 

The ignition arch is of more importance than often 
realized. It should be designed to cause combustion in 
a high temperature zone over the fuel bed and throat 
opening should be narrower than is usual practice in 
furnaces. Too large a throat allows insufficient turbu- 
lence so that volatiles pass up through the tubes at the 
front and air streams at the rear of the stoker, without 
mixing. Too narrow a throat, however, gives a choking 
effect, blanketing the fire so that high output is impos- 
sible and life of the refractories is shortened. 

Tests have shown most satisfactory results with a 
throat opening of 25 to 35 in. for chain grate stokers 
with vertical baffling. Height of the arch above the 
grate will vary with type of installation and grade of 
coal but averages 13 to 18 in., the arch ending so that 
the throat is over the hottest part of the fire to expose 
the lowest boiler tubes to the radiant heat from that 
point. 

Type of firebrick used has much to do with main- 
tenance cost. One method that has given excellent re- 
sults with stokers operated at high output was carborun- 
dum brick on each side wall from just below the fire 
line to 24 in. above it, the rest of the furnace lining 
being a good grade of fire clay brick. After over 2 yr. 
operation on a 300-hp. boiler furnace maintenance has 
been negligible, with practically no slag formation, burn- 
ing coal of 16 to 18 per cent volatile and 5 per cent 
ash smokelessly. 
West Roxbury, Mass. Harry M. Sprine. 

For HEATING SYSTEMS, dividing the B.t.u. per hour 
needed by 1000 will give nearly enough the pounds of 
steam required per hour. Cast-iron radiation will con- 
dense 1 lb. of steam per hour for each 4 sq. ft. and pipe 
coils will condense 1 lb. per hour for each 3 sq. ft. 
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News From the Field 


SupPREME OFFICERS elected at the an- 
nual convention of American Order of 
Steam Engineers are: Chief Engineer, 
Richard George of Philadelphia; First 
Engineer, William C, Simmons, South- 
wark; Recording Engineer, William Far- 
ney, Copley; Corresponding Engineer, 
Harry Singley, Atlantic City; Treasurer, 
Lewis Schlehner, Germantown; Master 
Mechanic, Edwin Colin, Camden; Junior 
Master Mechanic, William Zeller, South- 
wark; Chaplain, Warren Morris, Atlantic 
City; Outside Sentinels, John I. Ruth- 
erford, Atlantic City and S. Souder, 
Germantown; Trustee, Richard Sinnott, 
Camden. 


Iowa state association, N. A. P. OE 

has elected officers as follows: President, 
R. E. Tunwall, Davenport; Vice-president, 
R. U. Marsh, Waterloo; Secretary, Lee 
Mason, Waterloo; Treasurer, Charles 
Amos, Sioux City; Conductor, Frank 
Parks, Davenport; Doorkeeper, 
Watts, Ottumwa; State Deputy, W. A. 
Bike, Marshalltown. Davenport will be 
the convention city for 1933. Papers were 
read by Dr. O. R. Sweeney, Royal Hol- 
brook, J. L. Harrington, J. H. Drabelle 
and H. A. Stade. 


At Riversiz, N. J., the Zurbrugg 
Memorial Hospital recently installed two 
60-hp. steel heating boilers fired by 2 by 
6 ft. Whiting stokers. During an accept- 
ance test, with stokers running at maxi- 
mum rating, efficiency of approximately 
70 per cent was obtained. The stokers 
burn No. 3 Anthracite buckwheat. which 
sells in that locality for approximately 
$3.00 a ton. The installation uses a full 
reverse arch connecting with the bridge 
wall at the rear and extending upward 
toward the front at a slight angle, reach- 
ing a point only 16 in. from the front 
wall of the furnace. There is a small 
curved arch at the extreme front which 
serves to terminate the front wall of the 
furnace. With Bituminous coal this front 
arch has ignition properties but with an- 
thracite coal the reverse arch is depended 
upon for this effect. 


Automatic pressure control is used 
with a banking switch on the stoker de- 
signed to operate the stoker five minutes 
out of every half hour. The architect was 
Morris & Erskine, Philadelphia; the 
plumbing and heating contractor, the Me- 
chanical Equipment Co. of Philadelphia. 
Joseph Harrington of the Whiting Corp. 
designed and installed the stokers. 


MILLIKEN VALVE Co. announces a new 
7-part, plug-type valve with “nicrofer’ 
parts. 


H. P. CHARLESWORTH, vice-president, 
Bell Telephone Laboratories, Inc., .New 
York, N. Y., was elected president of the 
American Institute of Electrical Engi- 
neers for the year beginning August 1, 
1932, as announced at the annual meeting 
of the Institute held in Cleveland, Ohio, 
during the summer convention of the In- 
stitute. The other officers elected were— 
Vice-Presidents: J. Allen Johnson, Buf- 
falo, N. Y.; E. B. Meyer, Newark, N. J.; 
K. A. Auty, Chicago, Ill.; G. A. Mills, 
Dallas, Tex.; C. R. Higson, Salt Lake 
City, Utah. Directors: G. A. Kositzky, 
Cleveland, Ohio; A. H. Lovell, Ann Ar- 
bor, Mich.; A. C. Stevens, Schenectady, 
N. Y. National Treasurer, W. I. Slich- 
ter, New York, N. Y. (reelected). 
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These officers, together with the fol- 
lowing hold-over officers, will constitute 
the Board of Directors for the next ad- 
ministrative year, beginning August 1: 
C. E. Skinner (retiring president), East 
Pittsburgh, Pa.; W. S. Lee, Charlotte, 
N. C.; W. B. Kouwenhoven, Baltimore, 
Md.; W. E. Freeman, Lexington, Ky.; 
P. H. Patton, Omaha, Neb.; A. W. Cop- 
ley, San Francisco, Calif.; L. B. Chub- 
buck, Hamilton, Ont.; J. E. Kearns, Chi- 
cago, Ill.; F. W. Peek, Jr., Pittsfield, 
Mass., C. E. Stephens, New York, N. Y.; 
A. B. Cooper, Toronto, Ont.; A. E, 
Knowlton, New York, N. Y.; R. H. Tap- 
scott, New York, N. Y.; L. W. Chubb, 
East Pittsburgh, Pa.; B. D. Hull, Dallas, 
Texas; H. R. Woodrow, Brooklvn, N. Y. 

The annual report of the Board of 
Directors, presented at the meeting, 
showed a total membership on April 30, 
1932, of 17,550 In addition to three na- 
tional conventions and two District meet- 
ings, 1632 meetings were held during the 
year by the local organizations of the 
Institute in the principal cities and educa- 
tional institutions in the United States, 
Canada, and Mexico. 


Joun B. Attincton, who for 15 vr. 
was in charge of the gas heating and in- 
dustrial gas department of the Rochester 
Gas & Electric Corp., has been appointed 
director of the gas equipment and gas 
air conditioning division of the Petroleum 


Heat and Power Co. with headquarters 
at Stamford, Conn. Mr. Allington is now 
developing a new line of air conditioning 
furnaces for either oil or gas fuel. 
Mason RgcuLator Co. of Boston, 
Mass., announces the opening of a new 
office in Chicago at 1525 East 53rd St., in 
charge of William P. Gearon who has 
represented the company in Chicago for 
the past five years. This office will also 
be occupied by the Neilan Co., Ltd. ‘a 
Division of the Mason Regulator Co.), 
the representative being Arthur J. Foley. 


H. M. Otson, formerly district sales 
manager of The Permutit Co., also for- 
merly with the Kennicott Co., is now spe- 
cial renresentative for the Ohio Salt Co., 
Wadsworth, Ohio, handling salt for 
water softening’ purposes, Home Office— 
171 Longue Vue Drive, Pittsburgh, Pa. 

ANNOUNCEMENT is made that 293 
manufacturers of power producing ma- 
chinery, power ‘transmission equipment, 
control and measuring instruments, ma- 
terial-handling equipment and heavy elec- 
trical machinery will exhibit at the Grand 
Central Palace, New York, from Dec. 5 
to 10. During the 2 yr. since the last 
exposition, much research has been car- 
ried on and the results will be shown in 
the form of improved machinery and 
economies. Arrangements are in charve 
of International Exposition Co., Grand 
Central Palace, N. Y 


For the Engineer’s Library 


Fiow or Air Through Circular Ori- 
fices in Thin Plates by J. A. Polson and 
J. G. Lowther, published as Bulletin 240 
by the Engineering Experiment Station, 
University of Illinois, Urbana, Ill. Size 
6 by 9 in. paper, 37 pages, price $0.25. (A 
limited number available for free distri- 
bution.) 

Continuation of the work published in 
bulletin 207, carrying the investigation 
from the circular orifice with rounded 
approach to the square edged circular ori- 
fice in thin plates. Among the conclu- 
sions were: —Coeffiecients of discharge 
through square-edged orifices in thin 
plates increase in value with an increase 
in inlet pressure up to the critical ~res- 
sure, when the coefficient is based on 
Dueley’s equations; square-edged orifices 
should be very carefully used and pre- 
served, slight injury to the entrance edge 
may cause a change in the coefficient of 
from two to three per cent, which may 
not be detected until the orifice is recali- 
brated. 


Fittincs ror Raw Water Ice-Making 
Systems as made by Frick Co., Waynes- 
boro, Pa., are shown in detail, includ- 
ing drop tubes, air fittings, air agitating 
systems, thawing needles, core suckers 
and refillers brine-testing sets and the 
like in Bulletin No. 128-A. A special fea- 
ture is cooling fins for attachment to pipe 
in room coils, giving increased cooling 
capacity without shutting down the sys- 
tem or adding new coils. The bulletin 
gives net prices, also photographs and 
symbol numbers needed for ordering the 
parts. 


CoMBINED water scrubber and silencer 
in a single non-corrodable unit is de- 


scribed in a circular issued by the Maxim 
Silencer Co., Hartford, Conn. 


JET CONDENSERS and auxiliaries as 
made by Pennsylvania Pump and Com- 
pressor Co., Easton, Pa., and marketed 
by Byer Engineering Co., New York, are 
described in Bulletin No. 411 recently 
received. 


ALEXANDER Bros., Philadelphia, are 
issuing a power transmission guide for 
leather belt drives, known as Catalog 
No. A-103. 


HicHEr STEAM Pressures and Temp- 
eratures report by the Prime Movers 
Committee of the National Electric Light 
Ass’n issued as Publication No. 220 com- 
pares performance records from five 600 
lb., three 1200 lb. superimposed and three 
straight 1200 lb. stations. The bulletin 
also includes availability and use records 
for twenty-two 1200 Ib. boilers and dis- 
cussions of the 1000/3500 Ib. experimental 
boiler and the 1200 Ib. 825/850 deg. cycle. 
The bulletin also contains a discussion of 
fusion welded boiler drums and proper- 
ties of ferrous metals at elevated tem- 
peratures. 


NorTHERN EQuipMENT Co., Erie, Pa., 
describes in Folder 127 the new Copes 
D A regulator for locomotives and hori- 
zontal tubular boilers, also in Folder 129 
the type S D S governor to control ex- 
cess pressure in boiler feed-water lines. 


Type A inverted bucket trap made by 
the Swartwout Co., 18511 Euclid Ave., 
Cleveland, Ohio, is described and illus- 
trated in its‘ bulletin S-11, showing details 
and the multiple lever mechanism for de- 
veloping large capacity. 











